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THE HETEROPHILE ANTIGEN OF PNEUMOCOCCUS 


By WALTHER F. GOEBEL, THRODORE SHEDLOVSKY, GEORGE 
I. LAVIN, ann MARK H. ADAMS 


(From the Hospital of The Rockefeller Institute for Medical Research, New York) 
Reeeived for publication, Oetober 23, 1942) 


The Forssman antigens may be defined as substances which have the 
common property of evoking sheep cell hemolvsins when injeeted into 
rabbits. These antigens are widely distributed in nature. They are found 
In many forms of living matter, in the tissues of certain mammals, birds, 
and fish, in veasts, and in bacteria of both the Gram-positive and Gram- 
negative group. The literature concerning the biological significance and 
distribution of Forssman and other heterophile antigens has been ably 
reviewed by Buehbinder (1); we shall therefore not attempt to present 
a résumé of the knowledge concerning these substances. The original 
view that the heterophile antigens of ervthrocytes and of mammalian tissue 
were lipoidal in nature (2) was later modified, largely through the work of 
Landsteiner and Levene (3) and Brunius (4) who regarded the heterophile 
antigen of horse kidney as a complex consisting of a lipocarbohydrate in 
loose chemical combination with a protem. The entire complex is an- 
tigenic and its peculiar biological specificity is determined by the hapten 
(ipoearbohydrate) portion of the molecule. Whether heterophile antigens 
found in other mammalian tissue are of a similar nature eannot be stated 
with certainty. 

The chemical nature of the heterophile antigens derived from micro- 
organisms is fortunately better understood. Some vears ago it was shown 
by Boivin and his collaborators (5) and by the Ienglish school of investi- 
gators (6) that antigenic lipocarbohydrates could be extracted from miero- 
organisms of the Gram-negative group. Later work by Morgan and Par- 
tridge (7) showed that in some instances such lipocarbohyvdrates evoked 
the formation of heterophile antibodies when injected into rabbits. Unlike 
the heterophile antigen of horse kidney, the purified lpocarbohydrates 
derived from Shigella dysenteriae (Shiga) and from Eberthella typhosa need 
not be combined with protein in order to tunetion antigenically. 

In a series of Investigations on the chemical nature and immunological 
properties of the heterophile antigen of pneumococcus, Bailey and Shorb 
(8) found the antigen, as it occurs in the intact cell, to be thermostable; 
the substance was destroved, however, on boiling the microorganisms with 
acid or alkali. Digestion of pneumococci with proteolytic enzymes like- 
wise caused destruction of the antigen, although the natural autolytie en- 
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zymes did not. The successive extraction of pneumococci with organic 
solvents impairs the property of the organisms to stimulate sheep cell 
hemolysins in rabbits, as does solution of pneumococci in bile. These 
investigators likewise found that the nucleoprotein fraction of the cell was 
capable of evoking heterophile antibodies in rabbits, and observed that the 
somatic or C polysaccharide of pneumococcus precipitated the heterophile 
antibodies from antipneumococcal rabbit serum. Bailey and Shorb con- 
clude that ‘‘the complex responsible for the heterophile property of the 
organisms is very resistant to chemical manipulation with acid, alkali, 
aleohol and ether, and is either identical or closely bound to the so-called 
‘nucleoprotein’ fraction of the cell and its associated somatic carbohydrate.’ 

In the following account it will be shown that the heterophile antigen 
of pneumococcus, hereafter designated as the F polysaccharide, is in reality 
a lipocarbohydrate intimately related to the C or cellular polysaccharide ; 
it is firmly bound to the detritus of autolyzed pneumococci but can be 
separated by appropriate means. The heterophile antigen has been iso- 
lated as a water-soluble amorphous powder essentially free from protein 
and nucleic acid. It migrates electrophoretically as a homogeneous entity 
and is fully antigenic in rabbits, giving rise to antibodies which cause the 
lysis of sheep erythrocytes. It contains a carbohydrate moiety bound in 
firm chemical union to a fatty acid of high molecular weight. The lipid, 
which comprises some 6 per cent by weight, can be split off only by rigorous 
chemical treatment. The carbohydrate moiety is believed to be identical 
with the C polysaccharide (9) on the basis of the following chemical evi- 
dence and on the basis of considerable immunological data to be reported in 
a subsequent communication. The close analytical correlation between 
the two substances, and the percentage of reducing sugars, nitrogen, amino 
nitrogen, phosphorus, and amino sugars all support this coneept. In 
addition, both the C and F carbohydrates liberate reducing sugars, inor- 
ganic phosphorus, and hexosamine amino nitrogen at about the same rate 
on acid hydrolysis. The high nitrogen content (6 per cent) of the two 
polysaccharides cannot be accounted for on the basis of the hexosamine 
liberated on acid hydrolysis (20 per cent); vet neither carbohydrate con- 
tains protein, purine nucleotides, nucleic acid, or polypeptides. This 
discrepancy may perhaps be accounted for by the fact that the hexosamine 
chain is singularly resistant to acid hydrolysis. This view ts in part sup- 
ported by the fact that nearly all of the nitrogen present in the carbohy- 
drate is liberated on acid hydrolysis as amino nitrogen without production 
of the corresponding amount of hexosamine. It is also possible that both 
‘arbohydrates may contain an unidentified nitrogenous constituent, per- 
haps a pyrimidine; both show absorption in the ultraviolet and a small 
percentage of the total nitrogen cannot be accounted for as free hexosamine 
nitrogen. 
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In addition to hexosamine, both carbohydrates contain a second un- 
identified saccharide which can be detected by the Molisch reaction only 
after acid hydrolysis. This unidentified saccharide is neither ribose, desoxy- 
ribose, nor uronic acid, as determined by colorimetrie tests. The or- 
ganically bound phosphorus of the two carbohydrates is in firm chemical 
union, as on acid hvdrolvsis phosphorus is liberated very slowly (Table 
V). 

The following is an account of the isolation and chemical properties of 
the heterophile antigen or F polysaccharide and its relationship to the 
somatic or C polysaccharide of pneumococcus. From the data presented 
in the experimental procedure it can be seen that both substances represent 
a unique Class of carbohydrates, the nature of which ean be elucidated only 
when more material is available. The serological and immunological prop- 
erties of the pneumococeus heterophile antigen will be deseribed elsewhere. 


EXPERIMENTAL 


Antisera and Method of Determining Heterophile (F) Units—Heterophile 
antisera were obtaimed trom rabbits immunized by the intravenous injec- 
tion of a heat-killed culture of a rough variant of pneumococeus Type I. 
The rabbits were given six daily doses of bacteria totaling 60 ec. of origi- 
nal culture. Atter a period of | week, the course of immunization was 
repeated. 4 days atter the last injection the animals were bled and the 
number of hemolytie units per ce. of serum determined. Sera containing 
from 200 to 400 hemolytic units per ce. were frequently encountered and 
used for subsequent work. Potent heterophile antisera usually contain 
considerable amounts of © precipitins as well. 

During the preparation of the heterophile antigen from pneumococeus 
autolvsates it was necessary to determine quantitatively the amount of 
active material or heterophile units present in a given fraction. This was 
done by means of the so called “hemolysis inhibition test’? (10). Serial 
dilutions of the fraction to be tested were made in isotonic salt solution. 
0.5 ce. portions of the latter were added to 2 units of the test serum con- 
tained in 0.5 ce. of saline and the mixture incubated for 30 minutes. 2 
units of fresh guinea pig complement in 0.5 ce. of saline and | drop of 50 
per cent sheep cells were now added. The tubes were again incubated and 
at the end of 30 minutes centrifuged. The last tube in which no hemolysis 
appeared, as indieated by the absence of free hemoglobin, was taken as the 
end-point. ‘This tube contained, by arbitrary definition, | unit of hetero- 
phile substance. The total number of units in the original solution can in 
this manner be determined with fair precision, and the procedure makes it 
possible to follow the purification and fractionation of the heterophile sub- 


stance in the material studied, 
Separation of F and C Polysaccharides —The bacteria trom 10 hour cul- 
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tures of a rough variant of Type I pneumococcus grown in meat infusion 
broth containing 2 per cent peptone and 0.5 per cent glucose were collected 
under sterile conditions in a Sharples centrifuge. 50 liters of bacterial 
culture were handled at one time. The microorganisms were suspended 
in | liter of 0.05 M sodium acetate and allowed to autolyze for 72 hours in 
the presence of a small amount of toluene. A stained preparation ot the 
bacterial cells showed no formed clements, only bacterial detritus. “The 
latter was precipitated, together with some nucleoprotein and nuclere acid, 
by adjusting the pH of the autolvsate to 4.5. After centrifugation, the 
clear supernatant (containing the cellular, or C polvsaccharide) was sep- 
arated from the bulky precipitate containing the F antigen. The latter 
was thoroughly washed, three times as a rule, by suspension in 0.05 M 
acetate buffer at pH 4.5 tollowed by centrifugation. In this manner the 
precipitate can be washed completely free from the © polysaccharide as 
determined by serological test. 

The detritus, containing the F antigen, and the supernatant liquid, con- 
taining the cellular, or C, polysaccharide trom 500 liters of bacterial cul 
ture, were collected before subsequent purification was undertaken. 

Purification of C Polysaccharide —Vhe vellow solution containing the © 
polvsaccharide was concentrated to 300 ¢¢. 7 vacuo and 3 volumes of aleo- 
hol were added. After 48 hours the erude © polvsaccharide was separated 
by centritugation, dissolved in water, and dialvzed | week im cellophane 
sacs against successive changes of distilled water.  AMlueh mert material, 
including salts, pigment, and some nuclei aeid, passed through the mem- 
brane. The material remaining in the dialvzing sacs is nearly colorless, 
and contains all ot the © polysaccharide and a small amount of isoluble 
matter. The latter is separated by centrifugation and the clear super- 
natant liquid is deprotemnized by shaking with chloroform and oetyvl aleo- 
hol. The solution containing the C carbohvdrate is concentrated on vacuo 
to d50cc. lO0ecc. of LO per cent Cus, are added and the pH of the solution 
adjusted to 5.10. After the solution has stood overnight, small amounts 
of the copper salt of nucleie acid and copper proteimmate are separated by 
centrifugation at 25,000 R.p.M. for 20 minutes. ‘Phe solution is adjusted to 
pH 2.0, dialvzed to remove most of the copper, and finally electrodialy zed. 
The clear pale vellow solution is concentrated to 30 ee. 7m vacuo and slowly 
added to 1 liter of acetone. The precipitated polysaccharide is collected 
and dried. 5.5to 6.0 gm. are obtained from the autolvzed bacteria derived 
from 500 liters of culture. Several preparations have been made according 
to the above procedure and the C carbohydrate traetions show similar 
analytical values. 

Purification of F Polysaccharide —“Vhe detritus collected trom 500 liters 
of bacterial culture was suspended in 3. liters of 0.05 we phosphate buffer 
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at pI 8.0 and 0.5 gm. of commercial trypsin was added. The mixture was 
incubated at 37° tor 5 or 6 days with toluene as preservative. Much of the 
solid material passes into solution, and the digest takes on the appearance 
of diluted milk. The solution is concentrated im vacuo to 500 ee. and dia- 
lvzed at O tor | week in cellophane membranes. The digestion with tryvp- 
sin and subsequent dialysis result in no loss of F substance as determined 
by the hemolysis inhibition test, although fully 8O per cent by weight of the 
original detritus has been converted to an inactive dialyzable material. 

lf at this juncture a portion of the contents of the dialysis sae is dried, 
it is apparent that the material is fattv in nature. The substance is also 
rich in ko polvsaecharide and contains about LO units per mg. When a 
solution of this milky suspension was ultracentrifuged at 25,000 R.p.M. for 
lO minutes, the clear supernatant liquid was found to contain only 10 per 
cent of the total number of Founits. The remaimimg 90 per cent of I sub- 
stance was firmly bound to the particulate and sedimented matter. The 
fy carbohydrate cannot at this juncturé be extracted cither with water or 
with organic solvents, such as diethvlene glycol, ethyl or methyl alcohol, 
glacial acetic aeid., benzene, petroleum ether, chloroform, or ether. The 
active material ean be partially extracted with aqueous pyridine but sueh 
solutions contain considerable quantities of nuclere acid and nucleoprotein. 
The F polysaccharide can be readily dissociated from the detritus, however, 
after extraction with aleohol-ether or with acetone. In this manner the 
tree lipid, some 50 per cent by weight of the detritus, goes into solution, 
but the heterophile antigen remuns associated with the insoluble material. 
lf the latter be now suspended in distilled water, the heterophile antigen 
readily dissolves, together with some nucleoprotein and nucleic acid. The 
insoluble material can be separated by centrifugation, leaving the hetero- 
phile antigen in solution. 

As a result of the above observation, the bulk of the material from the 
tryptic digest was treated as follows: The milky suspension was concen- 
trated to 200 ce. in vacuo and the mixture poured into 4 liters of acetone. 
After shaking for 24 hours, the solid matter was separated by centrituga- 
tion, resuspended in 200 ce. of water, and again extracted with 4 liters of 
acetone, Phe sokd material was finally boiled for 1 hour in a liter of al- 
eoholether (3:1) and filtered in a sintered glass tunnel. This detatted 
detritus, weighing 5 em., and containing about 20 units of F earbohvdrate 
per mg., Was suspended in 200 ec. of water and a little toluene added. The 
tube was shaken for 24 hours, and then centrifuged for 20 minutes at 25,000 
kopoM. The pale vellow, slightly opalescent supernatant liquid was saved, 


and the extraction repeated. The combined aqueous extracts were con- 
eentrated to and treated with CuSO, at pH 5.10. Nueleie acid: and 
protein were precipitated as the copper salts and separated by centrifuga- 
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tion. The supernatant lquid containing the F polysaccharide was elec- 
trodialyzed and the carbohydrate isolated exactly as in the ease of the C 
polysaccharide. The detritus from 500 liters of bacterial culture vields 
about 500 to 700 mg. of the active heterophile lipocarbohydrate. 
Properties of C and Polysaccharides—TVhe © polysaccharide origimally 
isolated in these laboratories (9) was derived from a rough variant of Type 
[fT pneumococcus. ‘The substance was found to be a nitrogenous dextro- 
rotatory carbohydrate and was designated as the species specific polysac- 
charide, since it appeared to be common to all the pneumococcal types. 
Our observations were later confirmed by Heidelberger and Inendall (11) 
who obtained the cellular polysaccharide from Types I, ITT, and [TV pneu- 
mococeci. In addition these investigators showed that the carbohydrate 
eontained some +4 per cent of organically bound phosphorus. We have 
now isolated the species specific polysaccharide from a rough variant ot 
Type T pneumocoecus and found it to be essentially identical with the © 


TABLE | 
Analytical Constants of C and F Polysaccharides 


Reducing 
r 


Poly- { < rar. 

i 

per cent per cent percent per cent percent per ceni pe enn nf per 

0.79 +-61.3.; 44.01 | 6:81 | 3.9] 1.14 4.47. 13:08 21.8 6 
0.6] +68.9 45.12. 7.11 | 5.61 0.99 4:40 21.6 12.8 


‘arbohydrate obtained previously from cultures of Type TL R pneumococ 
cus, 

The F polysaccharide obtained from autolysates of pneumococcus Type 
I has many properties in common with the © polvsaecharide. Neither 
‘arbohydrate is precipitated by the salts of heavy metals such as Ag’, 
Cut+, Hg**+, Bat*+, but both are preeipitated by phosphotungstie and 
tannic acids. Neither carbohydrate is dialyzable or gives a biuret test 
or a test for ribose, desoxyribose, or purines (murexide). Both carbohy- 
drates are free of aromatic amino acids and nucleic acid as determined by 
spectroscopic analvsis. Both carbohydrates precipitate in C antiserum 
in dilutions of 1:2 million and the specific precipitability of each is de- 
stroyed by the action of nitrous acid. Furthermore, the carbohydrates 
show analytical values (Table I) which are surprisingly alike. 

Despite these similarities there are certain points of difference which 
distinguish the C and F polysaccharides. Solutions of the F carbohydrate 
foam on shaking but those of the C substance do not. When boiled with 
mineral acid or when treated with nitrous acid, the F substance deposits a 
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fat-like precipitate which can be extracted with chloroform; solutions of 
the C substance remain clear.  Moreoever, as will be shown below, the two 
earbohvdrates can be readily distinguished from one another by electro- 
phoresis. ‘The most striking difference exhibited by these two substances 
is the following: in hemolysis inhibition tests the F substance inhibits the 
Ivsis of sheep cells in quantities as small as 2 y, whereas LOOO times this 
amount of © substance is necessary to cause hemolysis inhibition (Table 
ff). And finally, it ean be seen trom Table I that the F substance has a 
slightly higher carbon content and vields slightly less reducing sugars on 
hydrolysis than does the C substance. Beeause of the close relationship 
between the C and I carbohydrates and for reasons given below, we regard 
the heterophile antigen as a lipocarbohvdrate constituted from a poly- 
saccharide molety identical with that of the C polysaccharide to which a 
lipid is bound in firm chemieal union. The remarkable stability of the 


TABLE I] 
lnhibition of Hi molysins in Pre vmococeal Heterophile Antiserum 
= complete hemolysis inhibition; +++4+-+ = complete lysis, Or ho hemolysis 


Dilution of substance tested 


Polvsiac 

charice 

test 1: S500) 122000. 1: 4000 T8000 76. 00011: 32-000) 1:64.000 1: 128.000 1: 250.009 
() () () () 0) 0) 


lipid-carbohydrate union has made it impossible to dissociate the lipid 
trom the carbohydrate moiety in such a wav as to leave the latter intact. 

Kleetrophoresis The many similarities between the C and polvsae- 
charides add special interest to ascertaimimg points of difference. Aceord- 
ingly, electrophoretic studies were carried out with the aid of the Tiselius 
apparatus. The techmique has been deseribed elsewhere in detail (12). 
experiments with the Fo oand © polvsaecharides were carried out over a 
range of pil values at a constant lome strength of 0.05, with the mono- 
Valent lithium buffers, acetate, cacodvilate, and diethvibarbiturate. 

it was found that purified preparations of the Fo and C substances ap- 
pear as single electrophoretic components. Fig. | shows typical electro- 
phoretic patterns of both rising and descending boundaries obtaimed with 
these polvsaccharides. In the case illustrated, the pl ot the solutions 
Was 7.89, and the time of clectrolvsis was 134 minutes tor the F substance 
and 96 minutes tor the C substance. The migrations were anodie and the 
corresponding mobilities were 1.7 & 10° and 2.2 em. per see. per 
volt per em. tor the Fo and carbohvdrates respectively. ‘The arrows in 
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the figure indicate the original positions of the boundaries before the flow 
of current was started. The boundaries marked e€ and 6, which remain 
practically immobile with the buffers used, do not correspond to any sepa- 
rate components but are due to concentration changes, the nature of which 
is known (13). Tlowever, the relatively large magnitude of these bounda- 
ries In the ease of © polysaccharide, suggested the possibility ofan immo- 
bile component being present. “This, however, was ruled out by recovering 


F 
3 
C 
= 
rising descending 


llectrophoretic patterns oft nna polvsaccharides 


ria. 2. Mobility curves of Fo and © 


from the cell portions of solution associated with the mimeobile as well as 
with the mobile “peaks,” and finding the © carbohwdrate in the latter 
but notin the tormer traction. 

In addition to exhibiting a decided difference in mobility, it will be noted 
that the pattern for © earbohvdrate shows a marked asvmmetry im the 
descending boundary, and considerably boundary spreading than 
does the pattern tor F polysaccharide, It is therefore evident that the two 
materials can be readily distinguished trom cach other by electrophoresis. 

In Fig. 2as shown a comparison of mebilitv curves as a funetion of pil 


; 
‘ 


GOEBEL, SHEDLOVSKY, LAVIN, AND ADAMS g 


for the F and C polysaecharides. Although experiments at only two values 
of plL were made on C polysaccharide, the indications are that the curves 
appear to run parallel, at least for a considerable range. 

Ultraviolet Absorption Spectra—In order to ascertain whether the C and 
F polysaccharides are contaminated with small quantities of protein or 
nucleic acid, solutions of the two substances were examined spectroscopi- 
eally. The curves (Fig. 3) were obtained with the aid of a Spekker spectro- 
photometer and a small Hilger quartz spectrograph with a tungsten steel 
spark as the ight source. It can be seen that the absorption maximum of 
the C polysaccharide is at approximately 2675 A. and that of the F poly- 
saccharide is at 2625 A. Both minima are at about 2525 A. 


1% 


om 


ory polysacchamde 


a 


300 2400 2500 2600 2700 2800 2900 
A (A) 


Kia. 3. Ultraviolet absorption curves of F and C polysaccharides 


Since no tests can be obtained tor ribose, desoxyribose, or purines, it 1s 
helieved that the absorption curves shown in Fig. 3 are not due to con- 
taminating nucleie acid or nucleotides. 

The nature of the constituents present in both the C and EF polvysae- 
charides which give rise to the absorption is at present not known. It 
ean be pomted out, however, that the polysaccharides obtained trom the 
degradation of globoglyvcoid and seroglvcoid (14) contain un- 
known constituents which give absorption curves similar to those obtained 
from tractions of the C and F polysaccharides from pneumococci. 

Hydrolysis of C and F Polysaccharides. Reducing Sugars-—Samples ot 
F polwsaecharides (4 mg. per ec.) were dissolved in 1 HCl and hy- 
drolyzed in sealed tubes for varving time intervals. The samples were 
removed, neutralized, and analwzed for reducing sugars by the Hanes 
modification of the Hagedorn-Jensen method (15). During the hvdrolvsis 
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the tubes containing the C polysaccharide darkened but remained clear. 


The tube containing the F earbohydrate became cloudy and after 10 min- 
utes a precipitate appeared and persisted throughout the hydrolysis. The 
percentage of reducing sugars at varving time intervals is given in Table 
III. Were it can be seen that the C carbohvdrate vields roughly 8 per cent 
more reducing sugars than does the F polysaccharide. The carbohydrates 
are rapidly and completely hydrolyzed in 5 hours. Prolonged hydrolysis 
or hydrolysis with stronger acids (up to 6 N) failed to cause an ineresse 
Reduci ng Sugars Liberated from ("and F Polysaccha ides on Acid H jdroly. is 
Reducing sugars calculated samine 
{ i i ! 
0) 
120 500 
Liberation of Amino Nitrogen from C and F Polysaccharides on Acid Huydrolys 
Vim 
f iy ‘ 
30) 2.68) 2.28 
60) $.3] 2.42 
120 
330) 1.28 


either in the reducing sugars, glucosamine, or amino nitrogen Values 1 


eorded in Tables and TV. 
Amino Nitrogen Both the C and bk earbohydrates contain tree amine 


vyroups, | nitrogen atom out of every 9 or 6 being in the tree amino form, 
The increase in amino nitrogen was tollowed during acid hydrolysis by the 
Van Slyke method (16); the data in Pable IV) show that a steady incresse 
until approximated, three-fourths of the total nitrogen isin the tree 


amino form. The liberation of amino nitrogen from the © polysaccharide 


after 2 hours occurs at a faster rate than from the F substance. The reason 
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for this is not known, nor is it understood why all of the nitrogen does not 
appear as amino nitrogen if the carbohydrate is a polyglucosamine deriva- 
tive. 

Aectic Acid WUvdrolvsis of the polysaccharide is accompanied by the 
liberation of a volatile organie acid, identified as acetic acid by analvsis of 
the silver salt. Both the C and F polvsaeccharides have been found to con- 
tain some 13 per cent of acetvl. 

It has been shown that the two carbohydrates vield reducing sugars on 
hvdrolvsis. Determinations of the amount of free amino sugars (17) were 
made on the hydrolysis product from each carbohydrate and were found to 
be 21.S percent and 21.6 per cent (caleulated as glucosamine) for the C and 
F polysaccharide respectively. In each instance the pereentage of glu- 
eosamine reached a maximum alter 30 minutes, or long before the maximum 
of total reducing sugars had been reached. Prolonged boiling or boiling 
the carbohvdrates with stronger acid (6 \) for many hours failed to show 
any increase over the above values. Attempts at isolating ervstalline 
glucosamine hvdrochloride from the hydrolysis products were unsuccessful. 

Amino Acids ~ Neither the C nor F polvsaecharides give color tests for 
the usual aromatic amino acids. In order to ascertain whether the carbo- 
hvdrates contained aliphatic a-amino acids in peptide union, samples were 
hvdrolwzed tor 24 hours at LOO’ with HCl Gasometric determinations 
of carboxyl groups by the method of Van Slyke ef a/. (18) showed that no 
free a-amino acids were present in the hydrolysate. 

Liberation of Phosphoric Acid —Samples of the C and F carbohydrates 
were dissolved in tN HCl so that the concentration was 1.0 mg. per ee. 
Sealed tubes contaming | ec. were heated at LOO” for varving periods of 
time. The samples were removed, neutralized, and the inorganic phos- 
phorus determined by the method of Kuttner and Cohen (19). The re- 
sults, given in Table V, are stated in terms of micrograms of inorganic 
phosphorus per mg. of carbohvdrate and as per cent of total phosphorus 
in the inorganic form. From the data presented it Is apparent that in 
both earbohvdrates the liberation of phosphorus takes place very slowly 
and at approximately the same rate. 

Furth r lractionation of I Carbohydrat To test the possibility that the 
I polvsaecharide is contaminated by the C carbohvdrate, fractionation of 
the F substance by seleetive adsorption on activated alumina was under- 
taken. The earbohvdrate can be adsorbed at pH values below 7.0 and 
eluted at higher values of pH. 300 mg. of F substance were dissolved in 
ee. of acetate buffer at 5.6. 300 mg. of alumina (AleO;) suspended 
in 150 ee. of the same buffer were added; the mixture was stirred for 1 
hour and centrifuged. ‘Titration of the supernatant revealed that 90 per 
cent of the active earbohvdrate had been adsorbed. The alumina was now 
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washed with the same buffer and then suspended in 100 ec. of 0.1 M Nao- 
HPO,. The mixture was stirred for 1 hour and then centrifuged. The 
precipitate was washed with 50 ec. of buffer, and eluted a second time. 
Both fractions were dialyzed until free of phosphate and the carbohvdrates 
recovered in the usual manner. The first fraction vielded 105 mg. or one- 
third of the original carbohydrate. The second fraction vielded 53 mg. 
or one-sixth of the total. Both fractions and the original carbohydrates 
were tested for their capacity to inhibit the hemolvsis of sheep cells by anti- 
serum. Each fraction showed exactly the same activity on a drv weight 
basis as did the parent substance. From the results of these experiments 
one can conclude that the F polysaccharide is homogeneous by the above 


TABLE \ 


Lihe ration of Phosphorus from yy and KF Polysaccharide S on Acid Hydrolysis 


( carbohydrat F carb 
lime 
Phosphorus Per cent phosphor Phosphorus i 

0.0 () () 2.3 
0.5 1.15 1.4 () 
1.0 2 05 16 2 
2.0 3.75 4 19 
3.0 9.15 11.3 

7.6 0 
5.0 8.2 IS.3 

7.0 24s 
26.0 21.0 70 21.0 42 


criterion. This evidence confirms that derived trom electrophoretic meas- 
urements indicating that the F polysaccharide is not grossly contaminated 
with the C carbohydrate. 

Stability of Carhbohydrat lo and O In order to determine the 
pH stability range of the F carbohydrate 0.5 mg. samples contained in 10 
ec, of glveine-NaOH and glycine-HC! buffers were heated for 30> minutes 
at 100°. Appropriate dilutions of the samples were made and their abilits 
to cause hemolysis inhibition and precipitation in antiserum determined. 
The results are given in Tables VI and VII. 

From the results given in Tables VI and VIL it is seen that the PF ocarbe 
hvdrate is remarkably stable toward hydrogen and hydroxyl tons, even at 
elevated temperatures. It is not possible to remove by acid or alkaline 


hvdrolvsis the grouping responsible for hemolysis inhibition and at the same 
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time to retain the precipitating carbohydrate moiety intact. We have also 
found that it is not possible to destroy the immunological activity of the 
earbohydrate by enzymes such as phosphatase, papain, pepsin, trypsin, 
chymotrypsin, ribonuclease, or the pneumococcus autolytic ferment (20). 

Isolation of Fatty Acid from F Carbohydrate--288 mg. of the F carbohy- 
drate were boiled for 2 hours with 30 ee. of 1N HCl. The solution darkened 


Tasie VI 
Inhibition of Hemolysins in Pneumococcal Heterophile Antiserum by F Polysaccharide 
after Heating at Various Values of pH 
0 = complete hemolysis inhibition; ++++ = complete lysis, or no hemolysis 
inhibition. 


F carbohvdrate Concentration of F carbohydrate tested 

at pil 1: 20,000 1:40,000 1:80,000 1: 160,000 1: 320,000 1:640, 000 
1.13 b+ +4 +++4 t+++ TTT T TTT? 
1.07 - TTT TTTT 
7.00 0 0 0 0 0 bb 
0.54  +4+4+ | +4+4+4 
11 +4 +++-4 + +++ ++++ 

Taste VII 


Precipitation of F Polysaccharide in Pneumococceus R Antiserum after Heating 


at Various Values of pH 


++ = heavy disk-like precipitate; O= no precipitation. 

F carbohvdrate Final concentration of F carbohydrate tested 

cated m 
at pH 1-30.00) 1: 250.000 1: 500 000 1:1, 000,000 
1.18 0) 0) 
1.97 + 4+ +4 +--+ +4 
0.54 + + ++ b+ ++ 
11.S0 ¢ () 0 0 


somewhat and a flocculent precipitate appeared. The mixture was ex- 
tracted with purified chloroform and then ether. The two extracts were 
dried with sodium sulfate and evaporated in vacuo to dryness, giving 18.7 
mg. of pale vellow fatty substance which was soluble in chloroform, ether, 
and petroleum ether. This material, which comprised 6.5 per cent by 
weight of carbohvdrate, partially ervstallized on standing. It contained 
78.2 per cent carbon and no nitrogen or phosphorus. 
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An alcoholic solution of 18.7 mg. of the lipid on titration with n/70 
NaQH with phenolphthalein as indicator required 3.52 ec. for neutraliza- 
tion. The lipid is apparently a fatty acid with an acid equivalent of 372. 
It melted rather sharply at 39-41°. Because of the fact that such small 
quantities of material were available, it was not possible to characterize 
the fatty acid. The carbon analvsis and acid equivalent correspond to a 
(.; acid, but whether the material is a single substance, or a mixture of 
fattv acids, cannot be said. 

Hydrolysis of 0.3 gm. of C carbohydrate vielded only 0.9 mg. of a chloro- 
form-soluble lipid, or 0.3 per cent by weight of the parent substance. It is 
obvious that the C carbohydrate contains only negligible quantities of 
bound lipids. In conclusion, it can be said that the isolation of a fatty 
acid from the hydrolysis products of the F polvsaccharide distinguishes this 
substance from its analogue, the C polvsaccharide. It is probably the 
chemically bound fattv acid which endows the F carbohydrate with its 
unusual chemical and immunological properties. 


SUMMARY 


|. Methods for the isolation and purification of the C and F polvsae- 
charides of pneumococcus are given. 
2. A comparison of the physical and chemical properties of these two 


substances is made. 
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The purpose of the present report is to place on record experiments con- 
ducted in a continuation of studies on creatine formation in the chick. 
The methods emploved were in general the same as those previously de- 
scribed (1). 

Creatinine “Two experiments were conducted to determine whether creat- 
inine administered by intramuscular injection would produce the same 
growth response and elevation of muscle creatine found when creatinine 
Was given in the diet. Creatinine was injected into the breast muscle of 
chicks maintained on the basal diet (1) in the amount of 1 ec. of a 5 per 
cent solution (50 mg. of creatinine) daily. This was continued for 18 
days in one experiment and 23 days in the second. Composite tissue 
samples were taken for creatine determination. ‘The results are given in 
Table I. 

It is evident that injected creatinine increases both the rate of gain and 
the muscle creatine content to much the same extent as was reported in 
the case of dietarv creatinine (1). This fact strengthens the probability 
that the results are truly metabolic and not due to incidental effeets, such 
as a possible conversion of creatinine to creatine by action of the intes- 
tinal flora. 

Hydantoic Acid--i-xperiments were next conducted to investigate the 
possibility that hydantoie acid might be converted by the chick to glycoey- 
amine through exchange of the oxygen of the ureido group for an imino 
group, a process which the chick is apparently able to complete in the 
utilization of citrulline as a substitute for arginine (2). Such conversion 
of hydantoic acid, if appreciable, should lead to similar growth-promoting 
and creatine-clevating effects as observed with glycocvamine (1). The 
diet used was a synthetic type similar to diets deseribed elsewhere (3), 
and contained 25 per cent of washed casein plus 0.5 per cent of arginine 
monohydrochloride as the sole souree of amino acids. At the conclusion 
of the experiment, composite samples were taken of breast muscle, liver, 
and kidney tissue. — 

The results given in Table II show quite plainly that feeding hydantoic 
acid caused no appreciable difference in any respect from the results ob- 
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| tained with the basal group. On the other hand, glveoevamine caused a | 

a large increase in muscle creatine content and a several fold increase in liver . 
| creatine content, as well as a distinct acceleration of growth rate. All of } 
| these effects of glycocvamine, although obtained with a different basal 
| diet in this case, are in agreement with our previous report (1). Evidently, 
| TABLE | 
Effect of Injected Creatinine on Rate of Growth and Muscle Creatine Content of Chicks 
| Experiment Group No Creatinine injectior Basal gain made aes nner oy 

per cent me. per em 

\ No 3.04 
2 Yes 179 
B No 
| 2 Yes 126 5.32 
| * Correeted for specifie creatinine 

thand Tissue Creatine 


fe cis of Hudantoic Acid and of Gilycoc aol Grrow 


Supplement to basal diet Level in diet ar Basal rack 

percen me perem, per cent 

| None Breast muscle 3.09 1M) 

Liver 

Kidney 

a Liver 
Kidney ().37 

1.0 Breast muscle 

4 Liver 
Kidney 0.59 

* (Creatine plus ecreatipine caleulated as creatine 

a hydantoic acid has no appreciable utility in the processes of creatine forma. 
tion in the chick, as well as in the rat (4). 

Choline and Methionine 1t has been found possible, by withholding glyv- 
cine and arginine from the diet. to demonstrate the role of these amino 
| acids in growth and creatine formation in the chick. Since a methyl donor 
t undoubtedly participates in the final stages of creatine synthesis, expert 
G ments were next conducted in which the effects of dietarv deficiencies ot 


choline and methionine on muscle creatine were stucied. 
| Chicks were placed at hatching time on a low choline diet (5). The lot 
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of diet used was known by previous test to cause the development of severe 
perosis from choline deficiency. A similar group of chicks of the same 
hatch was fed the low choline diet plus 0.2 per cent of choline chloride. 
After 3 weeks, choline deficiency as indicated by incipient perosis was 
present in the first group. Composite breast muscle samples from each 
group were analyzed for creatine. The results were 4.9 mg. per gm. for 
the choline-deficient group and 5.1 mg. per gm. for the group on the diet 
containing added choline. The difference in these values cannot be con- 
sidered significant. It is evident, therefore, that a deficiency of choline 
does not appreciably diminish creatine formation in the chick. This may 
have been due to the presence of adequate amounts of methionine in the 
basal diet used. 


TasBie 
effects of Choline and Vethionine on Growth and Muscle Creatine Content of Chicks 
Fed Methionine- and Choline-Deficient Diet 


Daily rate of Creatine content 


Group No Supplement to basal diet Level in diet ph EN. ae 
per cent per cent me. per em. 
None —().29 4.0 
2 (Choline chloride 0.5 +0.45 4.2 
3 d/-Nethionine 1.0 +5. 25 $.5 
(‘holine chloride 0.3 +5.15 4.7 
di-Nethionine 1.0 


* Creatine plus creatinine calculated as creatine. 


In further experiments, attempts were made to achieve a deficiency of 
both choline and methionine. For this purpose a “‘svnthetic’’ diet con- 
taining arachin and gelatin as the protein sources was emploved. This 
diet has been deseribed essentially elsewhere (6). Chicks were reared for 
the Ist week on a practical diet, then weighed, and closely selected for 
uniform weight. Groups of five chicks each were given the synthetic diet 
plus various supplements for a period of 9 davs. Composite breast muscle 


sé 


samples were taken from each group. 

The results given in Table IIT show that a dietary methionine and cho- 
line deficieney severe enough to prevent growth of the chick was attained. 
The addition of choline to the diet caused a small improvement in rate of 
gain, from —0.29 to +045 per cent. Addition of methionine resulted in 
a comparatively large growth response which was not further improved 
by the simultaneous addition of choline. Incipient perosis was noted in 
the case of methionine addition (Group 3). 

The muscle creatine values showed a small and possibly significant in- 
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crease, amounting to 0.5 mg. per em. coincidental with methionine addi- 
tion in each of two comparisons (Groups | and 3, 2 and 4). A slight crea- 
tine elevation of 0.2 mg. per gm. accompanied choline addition in two 
comparable cases (Groups land 2, 3 and 4), but is of doubtful significance. 

In respect to creatine formation, our results suggest, therefore, that a 
severe deficiency of methylating agents in the diet of the chick reduces the 
level of muscle creatine only slightly, if at all. The reduction is far from 
being as marked as that which may be obtained by only partial deficiencies 
of glycine and arginine. 

SUMMARY 

1. Creatine given by intravenous injection increased the rate of growth 
and the muscle creatine content of chicks in a similar manner as when given 
in a diet deficient In creatine precursors. 

2. Hydantoic acid was not noticeably converted by the chick into gly- 
eocyamine. 

3. Dietary deficiency of choline or methionine or both had a compara- 
tively slight effect on the muscle creatine content of the chick. 
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Although malaria is “the most widespread and destructive of human 
diseases’? (1), it and the Plasmodia which cause it have received secant 
attention from biochemistry. Exploratory experiments upon the metab- 
olism of malaria parasites by Christophers and Fulton, published in 1938 
(2) and 1939 (3), have been extended by Fulton (4), Coggeshall (5), Maier 
and Coggeshall (6, 7), and Velick (8). Some of the principal observations 
made bv these workers, emploving several species of Plasmodia, are as 
follows: (a) blood from infected animals consumes oxygen, produces 
earbon dioxide, and destroys glucose much more rapidly than does blood 
of normal animals of the same species; (>) respiratory activity of cells 
infected with mature parasites is greater than that of cells which contain 
Immature parasites; (ce) ota large number of substrates, glucose is the most 
effective in maintaming maximal parasite respiration. 

experiments reported in this paper were directed especially at the rela- 
tionship between oxvgen consumption and glucose metabolism of malaria 
parasites. Also, the influences upon parasite metabolism of variations in 
pli, osmotic pressure, and concentration of specific ions have been con- 
sidered, 

As has been pointed out by Fulton and Christophers (9) and, previously, 
by Yorke and Murgatroyd (10), knowledge of the metabolic characteristics 
of malaria parasites may lead to an understanding of the lethal action of 
quinine, atebrin, and plasmochin on Plasmodia. Such knowledge may, 
perhaps, simplitv search for other antimalarial agents. Short of this, 
chemical studies should reveal the nutritional requirements and end- 
products of the metabolism of malaria parasites, In consequence of which 
in vitro cultivation may become feasible. 


Materials and Methods 


Detibrinated or heparinized blood, which behaved alike, from .Wacacus 
rhesus monkeys infected with Plasmodium knowlesit was the experimental 


* This study was aided by «a grant from the Tennessee Valley Authority through 
the Department of Preventive Medicine of the University of Tennessee. 

\ preliminary report of some of this work has appeared (Proce. Am. Soc. Biol. 
Chem., J. Biol. Chem., 14, p. EXxxvill (1941)). 

With the technical assistance of Mary S. Passeur. 
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22 METABOLISM OF MALARIA PARASITES 
material. This species of malaria parasite is especially suited to chemical 
study because of the relative abundance of parasites obtainable trom a 
single animal, and the fact that this parasite inhabits non-nucleated 
ervthrocytes, which normally have very little respiratory activity. Some 
highly parasitized specimens of blood were diluted with monkey serum, 
heparinized plasma, or Locke’s solution. 

Oxygen consumption was measured by the direct method of Warburg 
(11, 12) upon 1 or 2 cc. samples of blood. Parallel aerobic incubation of 
blood for chemical analvses was carried out in Erlenmeyer flasks which 
were fitted with COs absorption wells to simulate Warburg vessels, or in 


TABLE I 


matologieal bata on Spe of Blow 


Distribution of parasites 


Cells per cent of total! hee 
blood In; 3 Ke 
count = para = oxyge 
miliion 
her per ceni per 
mm 
( counts ii¢ 
2 31.0 44 Parasitized blood 
2.82 1.4 () Normal blood 
6-7 65.3%: 2.2 0.9 2 
3.24 11.5 () 2 1. B, and ¢ 
flasks through which a slow current of moist air was passed. The pt ot 


blood incubated in both WaivVs Was found to be essentially the same as 
that of blood incubated in Warburg vessels. For anserobie incubation, 
blood samples were equilibrated with oxygen-free Ne or Ely, and transierred 
Without exposure to air to a tight svringe which contained a steel ball. 
The svringe was rocked horizontally in a water bath and samples were re- 
moved through an attached needle. The rocking movement, by causing 
the ball to roll the length of the svringe, prevented the cells from setthng. 
In order rapidly to effect anaerobiosis in normal blood, it was equilibrated 
briefly with mixtures of carbon dioxide and carbon monoxide and then with 
N. or He until the normal pH was restored and most of the carbon monoxide 


~ 
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was expelled. All samples were incubated at 37.4> and the rate of shaking 
was between SO and 100 oscillations per minute. 

Blood glucose was determined by the Shaffer-Hartmann method (13) 
upon zine filtrates (14). Laetie acid was determined upon zine or mercuric 
chloride filtrates by a micro adaptation of the Friedemann-Cotonio-Shaffer 
method (15). Chemical and respiration data usually represent averages 
of duplicate or triplicate determinations. The pH was determined by the 
glass electrode. Cell volume (hematocrit) was determined by centrifuga- 
tion to constant volume in Wintrobe tubes. Hematological data on speci- 
mens of blood and corpuscle suspensions illustrated in Figs. 1 to 8 are 
given in Table Ll. Leucoevte counts, although usually made, are unim- 
portant and are not given. ‘Total parasite count signifies the per cent of 
red cells parasitized, L000 red cells being examined for each count. For 
purposes of differential counts the parasites were divided into five morpho- 
logical categories: namely, ring, ameboid, presegmenter, segmenter, and 


gametocyte, 


ENPERIMENTAL 


Comparison of Oxygen Consumption and Glycolysis of Normal and Para- 
sitized Bloods. Vhe great differences in respiratory activities of blood of 
monkeys inteeted with Plasmodium knowlesi and blood of normal monkeys 
are Hhustrated in Fig. 1. The normal curve represents the average behavior 
of 2 ce. samples of blood trom five uninfected animals, whereas the curves 
labeled parasitized blood were obtained upon 2 ec. samples of blood_ from 
one heavily infected, anemic animal. Glucose was added (in Locke’s 
solution) to the blood represented by Curve A, with the result, contrary to 
findings by previous investigators (2,6), that oxygen consumption tell off 
more rapidly than in Curve B, which represents the behavior of a sample 
of the same specimen of blood diluted with an equal volume of Locke’s 
solution containing no glucose. The parasrtized cells in this specimen of 
blood consumed oxvgen about 300 times as rapidly during the first meas- 
ured period as do cells in normal blood. Such caleulations take into 
account the greater concentration of cells in normal blood, the fact that 
only 41 per cent of cells in the specimen of infected blood contained para- 
sites, and the negligible oxvgen consumption (which we have confirmed ) 
of normal cells and plasma in intected blood (2, 6). 

The great glyveolvtic activity of blood containing Plasmodium hknowlesi 
is illustrated in Fig. 2, whieh for comparison gives also the rate of glycolvsis 
In an average sample of normal blood. Here is demonstrated, too, a 
marked stimulation of glycolvsis by anaerobiosis which has been noted in 


many experiments on parasitized blood. 
The tollowing pH changes occur in aerated parasitized blood 7n vitro. 
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After an initial, rapid rise due to expulsion of CO»,, the pH usually falls 
over a period of 30 minutes or an hour, during which glucose disappears, 
to between 7.2 and 7.6. This fall is followed by a second, slow rise. The 
rate of initial fall in pH is directly proportional to the degree of parasitiza- 
tion. ‘The magnitude of the fall is proportional to the initial glucose and 
lactic acid concentrations. An inverse relation exists between the fall in 
pH and the red cell concentration. If infected blood is fortified with 400. 
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hic. 1. Oxygen consumption of blood from a monkey infected with Plasmodium 
The values in parentheses are for pH at the indicated times. 450 tag. per 


Anowlesi. 
Curve represents 


cent of glucose were added to the blood represented by Curve A. 
the behavior of a sample of the blood diluted with an equal volume of Locke's solu 
tion containing no glucose. The normal blood curve represents the average results 
on specimens from five normal monkeys. 

Fic. 2. Comparison of the aerobic, glycolytic activity of normal blood and para- 
sitized blood, and the stimulating effect of anaerobiosis upon glycolytic activity of 
The valuesin parentheses are for pH at the indicated times. 


parasitized blood. 
(jlueose was added 


Normal blood was aerobie but was not aerated to remove CQ).. 


to the infeeted blood. 


to 500 mg. per cent of glucose, the pH falls progressively until all glucose 
is destroyed or until pH 5.5 is reached, at which point both respiration sand 
glycolysis cease.’ 

The blood of normal monkevs destroys glucose quite slowly (20 meg. 
per cent per hour), and normal red cells from infected blood behave as do 
those in blood from normal animals. Further. anaerobiosis does not im- 
(When the pH falls below 7.0, the observed oxygen uptake is slightly less than 


the frue uptake owing to desaturation of hemoglobin. 
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crease the rate of glycolysis in normal red cells. Aeration of normal 
blood results in a rapid rise in pH to about 8.3, but the subsequent fall, 
owing to glycolysis, amounts to only 0.1 to 0.2 pH unit in several hours. 
A similar small fall in pH occurs in normal blood incubated with 5 per cent 
(Os, in which case, however, the pH remains within physiological limits. 
In our observation that Plasmodium knowlest produces fixed acid from 
glucose, we are not in agreement with Christophers and Fulton (2). Con- 
flicting results may be explained by the fact that these workers added phos- 
phate buffers to their samples of blood and cell suspension (see below). 
Relation of Concentration of Glucose to Its Effect upon Parasite Respira- 
tion— Bass and Johns (16) were the first of several groups of workers to 
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hia. 8. Ieffeets of high concentrations of glucose upon parasite respiration. 0.5 
ee of glucose (in Locke's) solution was added to 2 ce. samples of blood at zero time. 


elaim that addition of high concentrations of glucose to blood containing 
malaria parasites favors their preservation and development in vitro. 
lig. 3 illustrates the general results of experiments designed to test effects 
of high concentrations of glucose upon parasite respiration. At zero time 
0.5 cc. of Locke’s solution containing glucose was added from the side arms 
of respiration vessels to 2 ce. samples of blood. Only Locke’s solution was 
added to the control. Since the rate of oxygen uptake by all six samples 
during the 20 minute period immediately preceding addition of glucose 
(not shown in Fig. 3) was the same as by the control during the first period 
after addition of Locke’s solution, this experiment demonstrates the lack 
of effect of diluting parasitized blood with small volumes of physiological 
salt solutions. All concentrations of glucose added in this experiment 
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decreased the oxygen uptake, although the depressing effect of 150 meg. 
per cent of glucose was transient. The progressively larger inhibition of 
oxvgen uptake by 0.5, 1.5, and 5.0 per cent glucose is not attributable to 
more rapid fall in pH in samples with higher glucose concentration. © Prob- 
ably part of the inhibition was due to the hypertonicity of the added glucose 
solutions. 

Sustaining and Restorative Action of Serum and Alkali upon Parasite 
Respiration and Glycolysis— When it was tound that inteeted blood shows 
rapid aerobic glycolysis, means were sought of studving parasite metab- 
olism under conditions which provide tree access to ghicose for several hours, 
vet avoid rapid pH changes. Several possibilities were considered: (a) 
use of blood with low degrees of parasitization: (b) use of highly parasitized 
blood, or separated parasitized red cells, suspended in a large volume ot 
serum; (¢) neutralization of accumulated acid by trequent addition of 
alkali; (7) addition of unphysiological concentrations of phosphate buffers. 
We have investigated each of these possibilities to some extent and have 
found none to be technically ideal. 

The effects upon oxvgen uptake of diluting with serum: a specimen of 
moderately parasitized blood are illustrated by the results in Fig. 4. Sam- 
ples of blood and blood-serum = mixtures used in this experiment were 
fortified initially with about 500 mg. per cent of glucose. Changes which 
occurred during the first 2 hours after the blood was drawn are not given. 
Only the more significant later values are shown. Fig. 4 records that 
dilution of the blood with | volume of serum prolonged slightly the ability 
of parasites to use oxvgen. Addition of 8 volumes of serum sustained 
oxvgen consumption for a much longer time. That the decrease in rate ot 
oxvgen uptake by undiluted blood and the [:1 mixture was not due to 
disappearance of glucose is indicated by the tact that addition of glucose 
at times when respiration had greatly decreased had no restorative effect. 
The acceleration in the rate of oxvgen consumption by the more dilute 
mixture (1:3) which occurred between the 4th and 6th hours bas been 
observed repeatedly It mav be due to development of more favorable 
pH conditions (6). 

The rate of oxvgen constumption of parasitized blood, atter becoming 
greatly depressed as a result of several hours of aerobic glycolysis, is mark- 
edlv and immediately accelerated tollowing neutralization of the aecumu- 
lated acid. The experiment Fig. 3 ilhistrates the general 
results of a number of such experiments. Curve B represents the rapidly 
declining oxygen uptake of blood to which glucose was added at zero time. 
Curve A deseribes the more slowly declining oxvgen uptake of 2 sample of 
the same blood which was free of glucose at zero time and to whieh only 
Locke’s solution had been added. At the time indicated, Locke's solution 
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containing NaHCO, was added to the blood represented by Curve B and 
an equal volume of regular Locke’s solution was added to that for Curve A. 
Addition of alkali (Curve B) caused an immediate rise in pH and an ac- 
eeleration of the oxygen uptake, whereas addition of Locke’s (salt) solution 
(Curve A) was almost without effect. 

Inhibition of Oxygen Consumption and Glycolysis by Phosphate Buffers 
and Neutral Salts In an attempt to buffer against acid which accumulates 
In parasitized blood supplied with glucose, it was discovered that parasite 
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Pia. 4. beffeet of dilution of parasitized blood with serum upon O, uptake and pHl 
values in parentheses). 2 ce. samples of blood and 2 cc. samples of each of the 
blood-serum mixtures were used for measurement of oxygen uptake. Arrows indi- 
eate the time of addition of 0.2 ce. of 5 per cent glucose. 

hig. 5. Stimulation of depressed O. uptake by additton of alkali. Preliminary 
incubation of the blood had destroyed all glucose present at the time blood was 
drawn. Sufficient glucose was added to the blood represented by Curve B at zero 
time to raise the eoncentration to 500 mg. per cent; sufficient NaHCO; (0.5 mM) was 
added at the indieated time to increase the base by 50mm per liter. The values in 


parentheses are for pit. 


metabolism is quite sensitive to changes in osmotic pressure and ion content 
of the fluid bathing the host red cells. Figs. 6 and 7 illustrate the general 
results of ten experiments in which depressing effects of phosphate buffers 
and neutral salts (NaCl and KCl) upon parasite respiration and glveolysis 
were noted. Sdorensen’s phosphate butfers, pH 7.40, made up in 1 per cent 
NaC] solution to give final phosphate concentrations of 0.06, 0.13, and 
0.25 Mm, were added in equal volumes to samples of a specimen of moderately 
parasitized blood, As a control, equal volumes of | per cent NaCl solution 
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and blood were mixed. 2 cc. samples of the diluted blood mixtures were 
then incubated for oxygen consumption. The pH and cell volume were 
measured upon other incubated samples. In Fig. 6, Curve A represents 
the oxygen uptake by the control. Curves B, D, and F give the lesser 
oxygen uptakes by samples of blood to which were added 0.06, 0.13, and 
0.25 m phosphate, respectively. The pH values of mixtures at the end of 
3 hours of incubation show that even the highest concentration of added 
phosphate (0.25 m) did not entirely prevent a fall in pH, although it in- 
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Kic. 6. Inhibitory effects of phosphate buffer (pHl 7.4) and neutral salts upon 
the O. uptake and the fall in pH of parasitized blood. Curve A gives the control 
QM, uptake. Curves B, D, and F are for the O. uptakes after addition of 0.06, 0.15, 
and 0.25 Mm phosphates, respectively. Curves (, kb, H, and I give the effects of added 
0.06, 0.13, 0.25, and 0.5 Mm NaCl, respectively. Curves Go and J represent the results 
obtained on addition of NaCl-KCI] mixtures: (Curve Gi) 0.21 NaCl and O.O17 w 
KC], (Curve J) 0.48 Mm NaCl and 0.035 um KCI. 

Fic. 7@. Relationship between inhibitory effects of added butfers and salts and 
cell volumes (hematocrit). Fig. 6 gives the explanation of the characters 


hibited oxygen uptake by 75 per cent. The lowest concentration of phos- 
phate (0.06 M), although completely ineffective in preventing a tall in pH, 
depressed oxvgen consumption about 25 per cent. big. 7 gives the cell 
volumes at the end of each of the three 1 hour periods plotted against per- 
centage inhibition of oxvgen uptake. The characters employed in Fig. 7 
correspond to those in Fig. 6. At the end of the Ist hour the volume of 
cells (normal and parasitized) in the sample of blood to which isotonic NaCl 
solution was added was 19 per cent. After the same period of incubation 
the volume of cells in the sample to which 0.06 Mm phosphate (in | per cent 
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NaCl solution) was added was 16.5 per cent. Thus, cells in this mixture 
occupied a 13 per cent smaller volume than those in the control. During 
the same period oxygen uptake by these cells was 30 per cent less than by 
the control. Addition of 0.13 mM phosphate decreased the cell volume 20 
per cent and caused GO per cent inhibition of the oxygen uptake. Inhibi- 
tory and shrinking effects of 0.25 mM phosphate were still larger. 

In order to determine the extent to which the hypertonicity of added 
solutions may cause inhibition of oxygen uptake, other samples of the 
same specimen were diluted (1:1) with hypertonic solutions of NaCl and 
mixtures. The ratio in the latter solutions approx- 
imates that in serum. Curves C, I, H, and I (Fig. 6) show graded inhibi- 
tory effects of hypertonic NaCl, and Curves G and J give the effeets of 
NaCl-KC] mixtures. The composition of these added solutions is given 
in the legend of Fig. 6, where indicated molar concentrations signifv excess 
salt ; ¢.c., the concentration over and above that in | per cent (0.17 Mm) NaCl. 
Comparison of the effects of equimolar concentrations of phosphate and 
NaCl shows that NaCl produced slightly greater inhibition. Replacement 
of part of the NaCl with KC! did not lessen this effect. Fig. 7 shows that 
the greater inhibitions of NaCl, when compared with phosphate, are not 
due to greater shrinkage of the red cells, although a possible greater effect 
of NaCl upon the volume of parasites is not excluded. On the basis of the 
change in red cell volume, NaCl is more damaging to respiration than is 
phosphate. 

In several experiments added phosphate was incorporated in Locke’s 
solution or in serum. In others, isotonic m/15 phosphate was added. 
But in no case did phosphate enhance or prolong oxygen uptake. On the 
contrary, phosphate in concentrations which buffered significantly always 
depressed oxvgen consumption. The degreeot depression and the rapidity 
with which it develops depend upon the amount of phosphate added and 
morphological characteristics of the parasites, parasites in the ring and 
‘arly ameboid stage being less affected than mature parasites. We are led 
to conclude that phosphate is contraindicated as a means of controlling 
the pH of blood containing Plasmodium knowlesi. 

In several experiments the effects of adding hypotonic salt solutions and 
water have been tested. In such instances, even when hemolysis was 


negligible, both respiration and = glvcolvsis were depressed. Clearly, 
malaria parasites, although contained within erythroeyvtes, are quite sen- 
sitive to changes in the ionic composition and osmotic pressure of the 
fluid bathing the host cells. 

Lactic Acid As Substrate for Parasite Respiration—As was stated above, 
the glucose initially present in a sample of moderately or highly parasitized 
blood is destroyed during the Ist hour of incubation zn vitro, yet at such 
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time Plasmodium knowlesi may continue respiring at a constant or even 
accelerated rate. This indifference to glucose per se shows that the paral- 
lelism between glycolvsis and respiration emphasized by Maier and Cog- 
geshall (6) was entirely fortuitous. Additional evidence that respiration 
is dependent only indirectly upon glycolysis is afforded by several experi- 
ments in which respiration was decreasing at a time when the rate of gly- 
colysis was relatively constant. In other experiments the converse was 
true. In still others respiration was proceeding at a constant rate at a 
time when glvcolvsis was accelerating. 

These facts suggested that one or more of the stable products of glycoly- 
sis are substrates for oxygen utilization. Accordingly, we have investt- 
gated the possible sustaining action of lactate upon parasite respiration” 
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Fic. 8. (‘Comparison of lactate and glucose as substrates tor parasite respiration, 
and the utilization of lactate and glucose in relation to ¢ Vo uptake. The initial lactie 
acid was 212 mg. per cent (A) and 28 mg. per cent (2); the final lactic acid, 164 mg 
per cent (A) and 75 mg. per cent (8B). In the case of C no substrate was added 
The ascending scale on the right-hand margin of B is for lactate increase in mM 


per liter. 


Fig. 8 illustrates typical results of several experiments in which a specimen 
of parasitized blood was centrifuged and the cells were washed several 
times with Locke’s solution to rid them of glucose and diffusible products 
of glycolysis. One sample (Fig. 8, 1) of washed cells was suspended in 
Locke’s solution which contained 200 mg. per cent of sodium d/-lactate. 
A second sample (Fig. 8, B) was suspended in Locke’s solution containing 
200 mg. per cent of glucose. A third sample (Fig. 8, C) was suspended 
in Locke’s solution to which no substrate was added. All suspensions 
were initially pH 7.4. The rate of oxvgen uptake by 2 ec. samples of each 
of these suspensions was measured over a period of 3 hours. At hourly 


2A preliminary report of experiments upon pyruvie acid metabolism of these 


Plasmodia has appeared (17). 
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intervals lactic acid was determined in A and &, and glucose was deter- 
mined in B. As shown in (C, the parasites used oxygen slowly when 
neither glucose nor lactate was added. Comparison of the curves for 
oxygen uptake in .t and B shows that for about 30 minutes lactate and 
glucose produce equal stimulation of parasite respiration. Following 
this brief period of comparable rates of oxygen uptake the sample to 
which glucose was added showed the more rapid decline, and by the end 
of 3: hours had essentially ceased respiring. These results are contrary 
to those of Christophers and Fulton (2) and Maier and Coggeshall (6), 
who found glucose superior to lactate as substrate. 

In Fig. 8, 1, destruction of lactate falls off more rapidly than does oxygen 
uptake. During the Ist hour the molecular ratio of extra oxygen consumed 
(oxvgen uptake in -1 minus that in () to lactate destroved was about 1:1. 
During the 2nd hour the ratio was 2:1, and during the 3rd hour it was 3:1. 
It must be concluded either that lactate is progressively less used as sub- 
strate or that it becomes more completely oxidized. Fig. 8, B shows that 
about one-half of the destroved glucose accumulates as lactic acid and 
that the remamder could have been only partially oxidized. 

evidence that the decreasing rates of lactate utilization and oxvgen 
consumption seen in Fig. 8S, 1 are not due to the artificial character of 
the medium (Locke's solution containing dl-lactate) is furnished by exper- 
iments upon highly parasitized defibrinated blood which, after brief incuba- 
tion, contained high concentrations of natural lactic acid and no glucose. 
In such experiments, as in the above one, both lactate utilization and 
oxvgen consumption declined from the beginning, and the ratio of oxvgen 
consumed to lactate destroved increased progressively. Addition of 
lactate at the end of 3 hours did not influence the rate of decline of oxvgen 
constumption., 

Briel, rapid centrifugation of parasitized blood, a necessary step in the 
above experiment, ordinarily does not affect the ability of parasitized 
cells to consume oxygen or to destroy glucose when thev are resuspended 
inserum. Some loss in both activities is noted if the centrifuged, washed 
cells are suspended in ghicose-Locke’s solution. 

Number and Character of Parasites in Relation to Metabolite Activity — 
Variations in rates of oxvgen consumption in experiments already cited 
are due in part to differences in degree of parasitization of the samples of 
blood emploved. It, however, rates of oxvgen uptake of a unit number 
of parasites in cach specimen are compared, large variations are still noted. 
For purposes of comparing respiratory activities of a unit number of para- 
sites in different specimens, the oxvgen uptake of LO" parasites was cal- 
culated. Only those specimens of blood which were used immediately 
after withdrawal and which received no treatment except defibrination 
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or heparinization and dilution with 1 volume of serum or physiological 
salt solution were considered. ‘The first 100 ¢.mm. of oxvgen consumed 
were emploved in calculation of the rate. Oxygen consumption of para- 
sites in thirty-five different specimens of blood which met these require- 
ments varied between 157 and 2280 mm per 10" cells per hour. These 
values were obtained by subtracting from the observed oxvgen uptake 
of a sample of infected blood the calculated uptake of the contaimed unin- 
fected red cells, the latter having been found to consume oxygen at an 
average rate of 5mm per 10" cells per hour. 

Aerobie glycolytic activity of various samples of parasitized blood varies 
as widely as does respiration. Comparison of a unit number of normal 
red cells with parasitized cells reveals that the latter destroy glucose 5 
to 70 times as rapidly as the former. 10" normal red cells destroy glucose 
at an average rate of 20 mM per hour at 37.4 

The wide variations in oxygen consumption and glycolytic activity of a 
unit number of parasites have been correlated only roughly with morpholog- 
ical forms and sizes of parasites. The small ring forms consume oxvgen 
and destroy glucose least rapidly and, perhaps, most uniformly. Ameboid 
(half grown) forms are metabolically more active than ring forms, and 
presegmenter and segmenter (full grown) forms generally show the greatest, 
but most erratic, activity. The most rapid rate of oxygen uptake was 
obtained upon a specimen of blood in which the parasites were about 
equally divided between ameboid and presegmenter forms. 

Chemical Inhititors—Sodium eyanide (0.0L M) and oxalate (0.03 M), 
as emploved by Maier and Coggeshall (6) to prevent coagulation, greatly 
depress oxygen consumption of parasitized blood. Sulfanilamide (5 to 
40 mg. per cent) is, contrary to Coggeshall (5), quite without effect upon 
parasite respiration. Also, methylene blue (O.0OL per cent), malonic acid 
(0.01 \), and sodium citrate in sufficient concentration to prevent coagula- 
tion have no significant influence upon parasite respiration for several 


hours. 
DISCUSSION 


The great aerobic, glycolytic activity, the consequent rapid deeline in 
oxygen consumption, and the sensitivity of Plasmodium knowles: to changes 
in composition of the medium bathing their host cells are properties of 
these parasites which pose difficult problems for in vitro study of their 
metabolism. Another difficulty occasionally encountered is spontaneous 
clumping of cells in parasitized blood. A sample of blood which, after 
defibrination, contains uniformly dispersed cells may become macroscopic- 
ally clumped after an hour or two of incubation. Other factors which 
complicate chemical studies of malaria parasites are inherent in the host- 
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parasite relationship.  ?lasmodia normally inhabit red cells, at the expense 
of which they undergo rapid and extensive changes in size and structure. 
Such a relationship suggests a dependence of the parasite upon constituents 
and, perhaps, metabolic processes of the host cell. Also, the parasite very 
probably depends upon the host for disposal of end-products of its metab- 
olism. Such products, if allowed to accumulate, might very quickly 
destroy the parasite. Indeed, we have noted that parasites in defibrinated 
blood to which nothing has been added undergo such extensive morpholog- 
ical changes in the course of 6 to 8 hours of incubation as to suggest that 
most of the parasites are no longer alive.? Yet at such times samples of 
infected blood may be consuming oxvgen at 50 to 75 per cent of the initial 
rate. 

The first practical outgrowth of studies upon the metabolism of malaria 
parasites should be discovery of conditions favorable for their maintenance 
and development in vitro. Indeed, our experience suggests that attempts 
to discover new antimalarial drugs through in vitro studies will make little 
progress until methods of artificial cultivation of ?’lasmodia are devised. 
The experiments reported in this paper indicate some of the difficulties 
which may be encountered in attempts to cultivate Plasmodium knowlesi 
and, bv inference, Plasmodia which infect man. 


SUMMARY 


Blood from Aacacus rhesus monkeys infected with Plasmodium knowlesi 
eonsuimes oxygen and destroys glucose tn vitro with great rapidity as com- 
pared with blood from normal monkevs. Parasitized red cells account for 
the unusual activity. Approximately half of the destroyed glucose is con- 
verted to lactic acid; the remainder is only partially oxidized. Anaero- 
biosis stimulates glycolysis by infected red cells, but has no effect upon 
normal erythrocytes. Under comparable conditions of pH, laetate and 
ghicose are equally good substrates for respiration. Lactate, like glucose, 
is incompletely oxidized. 

Parasitized blood to which nothing is added consumes oxygen for many 
hours, although it becomes free ot glucose, 1f heavily parasitized, within 
30 minutes oran hour. Fortifving infected blood with several hundred mg. 
per cent of glucose leads to rapid fall in pH and deeline in oxygen consump- 
tion and givcolvsis. Both metabolic processes cease at pH 5.5. Other 
factors which are unfavorable to preservation of active metabolism in 
nitro are addition of phosphate, evanide, and oxalate, hypertonic solutions 
of neutral salts, replacement of serum with physiological salt' solutions, 
and spontaneous clumping of red cells. Favorable to prolongation of 

’Morphologieal studies were by Dr. Redginal Hewitt of the Tennessee Valley 
Authority. 
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active parasite metabolism are low degrees of parasitization of specimens, 
dilution with serum, and neutralization of the accumulated acid. Factors 
which usually have no significant influence upon respiration or glycolysis 
are brief centrifugation, moderate dilution of blood with physiological 
salt solutions, and the addition of heparin, citrate, malonate, sulfanilamide, 


and methylene blue. 
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During attempts to isolate a pea virus from infected aphids, Macro-. 
siphum pisi, by differential ultracentrifugation, it was observed that a- 
relatively large amount of a high molecular weight substance was sedi- 
mented from the extract. The material formed transparent gel-lke 
pellets, which redissolved readily in water, giving an opalescent solution. 
By several repetitions of the procedure of sedimentation and re-solution, 
clear, translucent pellets were obtained free from nitrogen and phosphorus. 
As a similar material was also found in extracts of normal insects, its 
presence was evidently not associated with the diseased condition of the 
aphids. A similar product was isolated from extraets of Aphis brassicae! 
by the method of Sahyun and Alsberg for the preparation of glycogen (1). 
Samples obtained trom both Macrosiphum pisi and Aphis brassicae gave 
the characteristic iodine reaction for glycogen as well as glucosazone after 
hydrolysis. As a further proof of the identity of the material glucose 
8-pentaacetate was prepared from its hydrolytic products, and the rate of 
hydrolysis of the polvsaccharide in 0.5 N sulfurie acid was determined. 

Further experiments in the ultracentrituge showed that about 78 per 
eent of the glycogen present either in extracts of aphids or of rabbit liver 
eould be readily sedimented in a centrifugal field of about 79,000 X 4g. 
The gel-like mass of glycogen which separated contained about 64 per 
eent water, was Isotropic, and could be dissolved in 1 or 2 volumes of 
water to give relatively concentrated solutions which showed only a slight 
opaleseence. As these were diluted, however, the opalescence increased, 
and the solutions showed the typical appearance of glyeogen solutions. 
After four cyeles of centrifugal purification, liver glycogen was isolated 
that contained only 0.0015 per cent phosphorus. 


EXPERIMENTAL 


Collection of Aphids--Vhe aphids, Macrosiphum pisi, used in the pre- 
liminary experiments were raised in a greenhouse of The Rockefeller 


The authors are indebted to Professor G. F. Ferris for the identification of these 
aphids, 
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Institute for Medical Research in New Jersey by Dr. H. T. Osborn. 
Those used later, Aphis brassicae, were found on wild mustard plants 
growing in an orchard near Palo Alto, California. The insects were 
brushed from the plants, frozen immediately with dry ice, and were stored 
in a freezing chamber until used. About 139 gm. of MWacrostphum pisi 
and about 400 gm. of Aphis brassicae were collected. 

Isolation of Aphid Glycogen by Differential Ultracentrifugation— About 
50 gm. of frozen aphids were ground in a mortar with 30 to 40 ce. of ice- 
cold 3 per cent trichloroacetic acid as described by Sahyvun and Alsberg (1) 
for the preparation of liver glycogen. A little Hyflo Super-Cel was added 
to facilitate grinding. The rather viscous suspension was filtered with 
suction through a layer of Hyflo Super-Cel, and the solid was reextracted 
two additional times by grinding with fresh portions of cold trichloroacetic 
acid. The green slightly opalescent filtrate, which amounted to about 
100 ec., was centrifuged in a quantity ultracentrifuge of about 112 ce. 
eapacity at 600 revolutions per second for 2 hours (2, 3). The clear 
supernatant fluid was pipetted off, the sedimented, gelatinous pellet was 
redissolved in about 50 cc. of water, and the filtered solution again ultra- 
centrifuged as before. After two additional repetitions of the above 
procedure translucent, gel-like pellets of glycogen were obtained. ‘These 
dissolved readily in water, giving the characteristic opalescent glycogen 
solution from which the solid could be obtained by precipitation with 
aleohol. The yield from 50 gm. of either Macrostphum pisit or Aphis 
brassicae was approximately 500 mg. An air-dried sample from Aphis 
brassicae prepared for analysis by washing with alcohol and ether con- 
tained 10.5 per cent moisture (dried 7n vacuo over phosphorus pentoxide 
at 110°) and no ash. On a dry weight basis it contained 44.47 per cent 
carbon and 6.47 per cent hydrogen. Theory for (CeéH1i9O05)2, C 44.4 and 
H 6.2 per cent respectively. 20 mg. samples of a thrice sedimented 
preparation from Macrosiphum pisi were analyzed for phosphorus by the 
method of King (4) and for nitrogen by micro-Kjeldahl determinations. 
In both cases the amounts present were less than the experimental error. 

The trichloroacetic acid extract from a total of 353 gm. of Aphis aphids 
worked up by the method of Sahvun and Alsberg gave a total yield of 
3.78 gm. of air-dried product. After being reprecipitated from water with 
alcohol and washed with alcohol and ether, an air-dried sample contained 
7.4 per cent moisture, 4.69 per cent ash, and 0.067 per cent phosphorus. 
The specific rotation corrected for ash and moisture was [a]; = +194° 
(c, 0.4 per cent). The specific rotation of liver glycogen under similar 
conditions has been reported as +190° to +200° (5). Like liver glycogen 
prepared by the usual methods, aphid glycogen in solutions containing 


2 We would like to express our thanks to Dr. Osborn for these aphids. 
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| mg. or more per cc. gave the typical wine-red color with iodine solution. 
The test with a solution containing 0.3 mg. per ec. was barely perceptible, 
and with less than this concentration no definite reaction was observed. 

Isolation of Liver Glycogen by Differential Centrifugation—Liver glycogen 
was extracted from rabbit liver with trichloroacetic acid, and one-half 
the extract was worked up by the method of Sahvun and Alsberg for the 
preparation of glycogen. The remainder of the extract was ultracentri- 
fuged as mentioned above. After three cycles of centrifugal purification 
78 per cent of the glycogen found by the method of Sahyun and Alsberg 
was recovered in the sedimented pellets. This sample, after it had been 
washed with alcohol and ether, contained 0.003 per cent phosphorus on a 
drv weight basis (¢n vacuo over phosphorus pentoxide at 110°). After a 
fourth sedimentation the phosphorus content decreased to 0.0015 per cent. 

Liver glycogen prepared by ultracentrifugation was free from ash, and 
gave typical opalescent solutions and the characteristic iodine reaction. 
An analysis for carbon and hydrogen gave C 44.03 per cent and H 6.32 
per cent, In agreement with the theory. Both aphid and liver glycogen 
prepared by ultracentrifugation were resistant to the action of hot 30 
per cent potasstum hydroxide (6). 

Hydrolysis and Preparation of Glucosazone-——The conditions chosen for 
hydrolysis were those which Sahyvun and Alsberg (7) found to give a maxi- 
mum reducing value. 100 mg. of the J/acrostphum aphid polysaccharide 
were refluxed with 10 ce. of 0.5 N sulfuric acid for 4 hours. The sulfurie 
acid was removed quantitatively with barium hydroxide, the solution 
concentrated 7m vacuo to 2 ec., and the osazone prepared by Fischer’s 
method (8). The vield was 22 mg. After recrystallization from dilute 
aleohol, the melting point was 206-207°. A mixture with an equal part 
of an authentic sample of glucosazone melted at 207°. 

The rotations of acid hydrolysates obtained as described above from 
both the aphid polysaccharide and from liver glycogen prepared by the 
usual method (1) were determined. Under these conditions despite the 
fact that the solutions show a maximum reducing power, the specific 
rotations, on the assumption that the theoretical amount of glueose had 
been formed, were +66° and +65° for the aphid and liver glycogen re- 
spectively as compared to the theoretical of +52.5°. A similar experi- 
ment with | N sulfuric acid gave a value of +56.4°, When 1 N hydrochloric 
acid was used, however, and the solutions were heated in a boiling water 
bath for 4 hours, values of +52.4° for the aphid glycogen and +53.6° for 
liver glycogen were obtained. 

Preparation of Glucose 8-Pentaacctate—0.92 gm. of polysaccharide from 
Aphis brassicae in 0.5 N sulfuric acid was hydrolyzed by heating in a boil- 
ing water bath for 4 hours, and the resulting solution freed from sulfuric 
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acid and concentrated as described above. The sugar solution was taken 
to dryness in a desiccator, and the residue treated with glacial acetic acid 
for the crystallization of 8-glucose as described by Hudson and Dale (9), 
An almost solid ervystalline mass was obtained after the solution had been 
seeded with 8-glucose. The acetic acid was removed, and the sugar 
residue was acetylated with pyridine and acetic anhydride (10). The 
vield of acetylated product was about 65 per cent of the theoretical. This 
material after two ervstallizations from alcohol melted at LOO- 105°. 
After three additional recrystallizations 11 mg. were obtained with a 
melting point of 129-130° (corrected), the same as that of 6-glucose penta- 
acetate. A control experiment carried out in a similar manner with 0.97 
gm. of liver glycogen (prepared in the usual wav) gave a vield of about 
70 per cent of the theory of crude acetylated product. This after four 
recrvstallizations vielded 56 mg. of pentaacetate which also melted at 
129-130°. An equal mixture of the two purified samples showed no 
depression of the melting point. 

The vields of purified 8-pentaacetate were relatively small compared to 
that obtained by Hudson and Dale from pure 3-glucose. Although an 
attempt was made to convert the sugar residue to 8-glucose before acetvla- 
tion, the rotations of the crude acetylated products in both the case of the 
aphid and of the liver glycogen suggested that both a- and 3-glucose 
pentaacetate were present. The specific rotations of an 8.1 per cent 
solution of the crude pentaacetate from the aphid glycogen and of a 9.5 
per cent solution of that from the liver glycogen, in glacial acetic acid in 
both cases, were +60° and +63° respectively. The specific rotations of 
pure a- and 8-glucose pentaacetate under similar conditions are + 108.8" 
and +4.4° respectively (10). 

Qualitative Tests for Presence of Sugars Other Than Glucose Qualitative 
tests with about 10 mg. each of hydrolyzed aphid glycogen, Aphis bras- 
stcae, were made with Schiff’s reagent and with | per cent diphenyvlamine 
In glacial acetic acid for desoxyv SULUrs, with Bial’s reagent for PenlLOoses, 
and with Seliwanoff’s reagent for keto sugars. ‘These tests all gave 
negative results. 

Rate of Hydrolysis of Aphid Glycogen Vhe rate of hydrolysis of aphid 
glycogen, Aphis brassicae, in 0.5 N sulfuric acid was determined to com- 
pare its behavior with that of liver glycogen. The experiments were 
carried out under the conditions deseribed by Sahvun and Alsberg (7) 
with the exception that a 0.05 per cent solution of glvcogen instead ot 
Q).2 per cent was used. The sugar formed was determined after neutraliza- 
tion of the solution by the Hanes modification (11) of the Hagedorn- 
Jensen method. The rate of hydrolysis of aphid glycogen, as of liver 
glveogen, tollows that of a pseudomonomolecular reaction, The average 
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value of the reaction constant was 0.0119 + 0.0008,* as compared to that 
of 0.0114 tound for liver glycogen by Sahvun and Alsberg. 

No attempt was made to determine the reducing value of the aphid 
glycogen before hydrolysis. In the rate experiments, however, the sodium 
thiosulfate titration of the blank and of 2 to 3 mg. of glycogen at zero 
time provided a measure of the reducing value of the glycogen. The 
titrations of the blanks and of aphid glycogen samples prepared either 
by the method of Sahvun and Alsberg or by ultracentrifugation were not 
significantly different. These results showed that such samples of glycogen 
did not possess an appreciable reducing power. 

Hydrolysis by Saliwary Amylase —~22.3 mg. of aphid glycogen, Aphis 
brassicae, dissolved in a solution of 20 ec. of 1 per cent sodium chloride and 
20 ec. of 0.05 M phosphate buffer at pH 6.6 were treated at 38° with 10 ce. 
of a 1:10 dilution of saliva. 5 ce. portions were removed at intervals 
and analyzed tor reducing sugar as mentioned above. After 50 minutes 
the sugar concentration calculated as glucose reached a constant value, 
equivalent to approximately 55 per cent of the theoretical. 

Sedimentation of Glycogen from Dilute Solution--In the first experiments 
in Which aphid glycogen was found to be sedimented during ultracentrifu- 
gation, the concentration of the solution was about 0.5 per cent. It was 
of interest to determine whether sedimentation could be obtained from 
more dilute solutions. 1Oce. each of solutions containing from 2.9 K 107! 
to 0.29 per cent were used. The solutions were centrifuged at 550 revolu- 
tions per second tor 14 hours, the supernatant liquid was pipetted off, and 
the sediment was analyzed tor glucose after hydrolysis with sulfurie acid. 
While the accuracy of the determination tor the smaller amounts of glyeo- 
gen Was low, the experiment showed that about SO per cent of the glycogen 
present even in the most dilute solution could be reeovered by ultra- 
centrifugation, 


DISCUSSION 


The isolation of glveogen by differential centrifugation brings confirma- 
torv evidence as to its large particle weight. “This is in agreement with the 
osmotic pressure measurements of Oakley and Young, which show a 
molecular weight of about 2 million for glycogen prepared by the usual 
methods (12). Unlike the “particulate glveogen” deseribed by Lazarow 
(13), the material obtained by ultracentrifugation is free from nitrogen. 
It is not likely that the sedimentation of glycogen in a centrifugal field of 
about 79,000 & g is due to the presence of large physical aggregates tor 
two reasons. The material can be sedimented repeatedly trom solution, 


* Probable error of a single observation. 
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| 
| and about 80 per cent of the amount present even in a3 X 10>* per cent 
solution was recovered in the sediment. 
| It has previously been impossible to prepare glycogen with a phosphorus 
| content of less than 0.01 per cent except by procedures which could have 
resulted in the hydrolysis of combined phosphorus (14,15). Its preparation 
: with a phosphorus content of 0.0015 per cent by a simple physical method — | 


shows that not more than | atom of phosphorus per molecular weight of 
2 X 10° ean be present in organic combination in the glycogen molecule. 


SUMMARY 


The isolation of glycogen from extracts of aphids or rabbit liver by 
differential ultracentrifugation and the identification trom the first men- — } 
tioned source by the preparation of glucosazone and 9-glucose penta- 


| acetate are reported. It has been demonstrated that such preparations of 
| glycogen contain about 0.0015 per cent phosphorus. | 

We are indebted to Professor Ek. W. Schultz of the Department ot Bae- 


teriology and Experimental Pathology for the use of the ultracentrituge. 1 
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THE VERATRINE ALKALOIDS 
XV. ON RUBLWERVINE AND ISORUBLJERVINE 


By WALTER A. JACOBS ann LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, January 13, 1943) 


In the course of our more recent studies on the veratrine alkaloids, the 
analytical data which have gradually accumulated have made it increas- 
ingly evident that the older formulations of jervine, rubijervine, and prob- 
ably germine require revision. It appears now that all of these alkaloids 
are C's; compounds, as already accepted in the case of the closely related 
eevine, CosHwOsN, and are built up on the same general hydrocarbon ring 
system which is probably if not identical at least closely related to that of 
the sterols. The individual cases will be discussed in separate communi- 
cations. 

Rubijervine from Veratrum album was first isolated by Wright and Luff 
(1), who chose this name beeause of the red coloration developed by its 
solution in sulfurie acid and because of its association with jervine. They 
derived the formulation CosHgOoN, which has been aecepted by later 
workers (2,3). Recently, Poethke (3) has described it as a tertiary base 
which possesses two active H atoms perhaps contained in two hydroxyl 
groups, although only a monoacyl derivative, viz. a p-bromobenzoylrubi- 
jervine, was obtained. In the course of our own studies, the analytical 
data obtained with rubijervine and a number of its derivatives have been 
in closer agreement with the formulation, Ce7HyOeN. In addition to the 
already recorded hydriodide, the hydrobromide and diacetylrubijervine were 
studied. ‘The formation of this diacetyl derivative, which still possesses 
basic properties, definitely establishes the presence of a tertiary N atom, 
as well as two hydroxyl groups in the molecule. Rubijervine did not yield 
an acetonyvl compound. Attempts to hydrogenate it with platinum oxide 
catalvst also proved to be negative. 

On dehydrogenation with selenium, rubijervine vielded a volatile basic 
fraction, the major portion of which was found to be 2-ethyl-5-methyl- 
pyridine, which we have already described as a degradation product from 
eevine (4), jervine (5), and protoveratrine (6). This at once strengthens 
the probability of a close structural relationship among them. A large 
resinous residue remained undistilled during the dehydrogenation from 
which an appreciable ether-soluble fraction could be obtained. The latter 
on extraction with acid vielded a resinous mixture consisting partly of 
salts of basic material, but attempts to separate any homogeneous sub- 
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stance from this fraction were unsuccessful. There was no evidence of 
the production of cevanthridine. 

On the other hand, the neutral fraction of the dehydrogenation products 
proved of greater interest. When this material was fractionated chroma- 
tographically, a relatively large hydrocarbon fraction was obtained which, 
on fractional distillation, vielded a crystalline hydrocarbon which melted 
at 74-77°. Analvses of this substance were in excellent agreement with 
the formulation C,sHy.. This was supported by analyses of the picrate 
(131-132°) and of the trinitrobenzene compound, which melted at 144-145°, 
A second more tenaciously adsorbed substance was eluted from the alumina 
with methanol and melted at 136-138°. From its analvsis and properties, 
it proved to be a phenol, CisHyO. It was soluble in warm alkali and 
coupled with diazonium salts. It is, in all probability, a phenolic deriva- 
tive of the above hvdrocarbon CysHy¢. 

The formulation CysHhy> of the hydrocarbon and its ultraviolet absorption 
spectrum! given in Fig. 1, as well as the conditions of its production, sug- 
gest at once a methyvlevelopentenophenanthrene. The close resemblance 
of this curve to the accompanying one given by | ,2-cvclopentenophenan- 
threne, reproduced from that given by Mayneord and Roe (7), is at once 
apparent. Since its melting point proved to be much lower than that of 
Diels’ hydrocarbon (126-127°),it is most likely isomeric with the character- 
istic dehvdrogenation product of the sterols. The melting points of the 
hydrocarbon and its trinitrobenzene compound are, however, close to those 
recorded by Ruzicka, Khmann, Goldberg, and Hésli (8) for a-methyl-1, 2- 
eyclopentenophenanthrene and its derivative ot 76-77° and 143-144° 
respectively. This will be cheeked further when the opportunity is pre- 
sented. At any rate, on the basis of film measurements on rubijervine, 
which will be published elsewhere and which have indicated an extended 
hexaevelic condensed ring system such as occurs in the sterols and triter- 
penes, it is most probable that the isomerism of this hydrocarbon with 
Diels’ davdrocarbon ts restricted to the position of the methyl group. This 
would lend support to the provisional picture of the structure of the vera- 
trine alkaloid nucleus as already presented in connection with our studies 
on the degradation of cevine (9), such as is reproduced in Formula [. In 
this formula, Ring B has been assumed to be 5-membered. The possibility 
of such an arrangement was based on the production by oxidation of a 
hexanetetracarboxylic acid, for which a formula was derived which con- 
tains 2 quaternary C atoms, and also on the production of fluorene hydro- 
carbons instead of phenanthrene derivatives on dehydrogenation. In the 
case also of jervine, evidence has been obtained that dehydrogenation has 

(The absorption spectra curves were kindly determined by Dr. G. I. Lavin of the 
Rockefeller Institute. 
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resulted in the production of fluorene hydrocarbons. Oxidation studies 
have not as yet been attempted with rubijervine. The production of the 
hexanetetracarboxylic acid from cevine (and more recently from germine), 
if not the result of a ring contraction, strongly supports the 5-membered 


"2200 2400 2600 2800 (3000 3200 3400 3600 
AinA 
hig. l. Absorption spectrum curves. The dash line represents 1,2-eyclopenteno- 
phenanthrene; the continuous line, hydrocarbon from rubijervine. 
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character of Ring B. It is still possible that instances in which Ring B is 
6-membered, as in the sterols, will be found in the veratrine alkaloids, and 
the experience with rubijervine is particularly suggestive in this regard. 
The produetion of the above methvlevclopentenophenanthrene presents 
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some analogy to the published experience with the potato alkamine sol- 
anidine (10). The latter is considered to be a sterol derivative, since it 
yields Diels’ hydrocarbon on dehydrogenation and forms a digitonide. In 
accordance with results being presented elsewhere, the probable close 
analogy of the potato alkaloids to the veratrine alkaloids has been made 
quite definite by our isolation in relatively good yield of a volatile base on 
dehydrogenation of solanidine which has been identified as 2-ethyl-3- 
methylpyridine. Our study of the hydrocarbon fraction of the dehydro- 
genation mixture 1s still in progress. 

Our main source of rubijervine was the mother liquor which had accumu- 
lated after removal of all alkaloidal material which erystallized directly 
from the purified alkaloidal fraction. Although rubijervine and its isomer 
described below could be readily obtained directly by chromatographic 
analysis of such mother liquor, the method was too cumbersome for large 
seale work. The complex amorphous fraction was, therefore, first saponi- 
fied and extracted with chloroform. A copious, sparingly-soluble, crystal- 
line chloroform compound of germine separated, which carried with it an 
appreciable fraction of rubijervine. The chloroform-soluble fraction, 
however, became also the source of rubijervine, as well as of the following 
substance. During the isolation of rubijervine, we have constantly en- 
countered roughly the same amount of a more soluble alkaloid which 
analysis both of the base and of the hydrobromide has shown to be isomeric 
with rubiervine. The trivial name, ¢sorubijervine, has therefore been 
adopted. Preliminary attempts to isomerize rubijervine with acid or 
alkali have not vielded this new alkaloid. It is probable that it occurs as 
such preformed in the plant. Its investigation was at first complicated 
bv the fact that it crystallizes in different forms with different melting 
points, the production of which depended upon the exact procedure em- 
ploved. 


EXPERIMENTAL 


In an earlier paper (6), the procedure was described which was emploved 
for the isolation of protoveratrine from benzene extracts of the roots of 
Veratrum album. A second fraction also containing some ot this alkaloid, 
as well as a third fraction of more soluble alkaloids, gradually crystallized 
after many wecks standing. ‘The investigation of the more soluble erystal- 
line alkaloids contained in these fractions we hope to deseribe at a later 
time. 

The final viscous mother liquor which had accumulated from 128 kilos 
of hellebore roots, and which weighed about 1700 gm., was found to contain 
approximately 1200 gm. of resinous material. 750 gm. of this viscous 
mother liquor were dissolved in 4 liters of methanol which contained 250 
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gm. of NaOH. For saponification, the mixture was heated at 60° for 30 
minutes and then allowed slowly to reach room temperature. It was 
gradually treated with 475 ce. of HCl (1.19), and the still alkaline mixture 
after being chilled was filtered from NaCl. The filtrate was concentrated 
in vacuo to remove most of the solvent and after dilution was made strongly 
alkaline with NaOH solution. The mixture was then shaken with a liberal 
volume of chloroform. An emulsion at once formed which held in suspen- 
sion a copious amount of crystals. The collected crystals were alternately 
washed with chloroform and water. The solid consisted principally of a 
chloroform compound of germine, mixed with an appreciable amount of 
rubijervine. The separation of these alkaloids, as well as the isolation of 
germine from the aqueous phase, will be given special consideration in 
Paper XVII. 

The chloroform phase contained in the above filtrate was concentrated 
and, after addition of 95 per cent alcohol, the mixture was again boiled 
down to remove all chloroform. On careful dilution, erystallization of 
needles rapidly occurred. The latter were collected with 70 per cent 
alcohol. The vield of this fraction from 1700 gm. of original viscous mother 
liquor was 28.1 gm. Further crystalline crops were obtained on dilution 
of the mother liquor, and consisted partly of rubijervine and other alka- 
loids, which will be investigated when the opportunity is obtained. 

The above 28.1 gm. of alkaloid were reervstallized from 500 ee. of 95 per 
eent aleohol. Rubijervine separated as needles which melted at 236- 
238° (uncorrected).2 On concentration of the mother liquor to 150 ec., 
a thick paste of larger, flat needles of isorubijervine formed. On being 
heated, most of the solid readily redissolved, but about 1 gm. of sparingly 
soluble needles remained, which were collected. This proved to be addi- 
tional rubijervine. The filtrate on cooling crystallized and gave isorubi- 
jervine, as deseribed below. 

After reerystallization from aleohol, rubijervine formed needles which 
melted at 240-242° (uncorrected). 


fal, = +19.0° (c¢ = 1.00 in ethanol) 


For analvsis, the alkaloid which contained solvent was dried at 120° 
and 2 mm. 


CosHyOwN. Caleulated. C 78.38, H 10.49 
Found. (a) ‘* 78.21, ‘* 10.43 


> Uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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In our previous deseription of the isolation of protoveratrine (6), it was 
mentioned that, during the reextraction of the crude alkaloid mixture 
with benzene, a ‘small amount of sparingly soluble alkaloid material 
(protoveratridine) remained suspended in the aqueous phase.’’ It has 
since been found that this fraction, which had accumulated trom the grad- 
ual working up of 224 kilos of hellebore root, consisted largely of inorganic 
salts. This material was reextracted with 10 per cent acetic acid, filtered, 
and the filtrate made alkaline with NaOH. On attempted extraction with 
chloroform, a paste of needles was obtained. The latter proved to be 
rubyervine. By filtration and concentration of the chloroform phase, 
about 9 gm. of rubijervine were directly obtained, which melted at 240- 
241° (uneorrected). 

Diacetylrubijervine—O.1 gm. of rubijervine was refluxed with 5 ce. of 
acetic anhydride for 2 hours. ‘The acetic anhydride was removed under 
reduced pressure, and the residue was dissolved in dilute HCl. When this 
solution was extracted with ether, only a small amount of substance was 
obtained. ‘The aqueous phase was made alkaline and extracted with ether. 
The latter vielded a residue which ervstallized from methyl aleohol. 50 
mg. of heavy parallelograms were obtained which, after recrystallization, 
melted at 160-163", 


Caleulated. 74.80, H 9.59 
Found. ‘75.01, 9.638; 75.00, H 9.70 


Hydrobromide of Rubitjyervine— O11 gm. of rubijervine was dissolved in 
methyl aleohol to which an equivalent of HBr was added. After concen- 
tration and addition of acetone, delicate needles separated. The melting 
point, 265-270°, was not sharp. The properties were not changed upon 
recrystallization. 

CoH yOe.N-HBr. Caleulated. © 65.55, H S.97 
Found. ‘* 65.61, “ 9.17; C 65.30, H 9.22 

Hydriodide of Rubijervine — 0.2 gm. of rubijervine was dissolved in a small 
volume of methvl aleohol by the addition of a slight excess of colorless HI, 
(pon cautious addition of ether, the salt ervstallized in well formed rosettes 
of needles which melted after previous sintering at 293° 296°, 


HE Caleulated. © 50.86, TE S.19 
Found. 59.93, 8.08; C 50.72, 8.22 


Dehydrogenation of Rubijervine —\ mixture ot 12 gm. of rubijervine and 
30 gm. of selenium was heated in an atmosphere of nitrogen ina bath kept 
at 340° for 2 hours. The oily distillate whieh collected in the receiver was 
treated with ether and the mixture was extracted with a slight exeess of 
1:1 HCl in the cold. The ether, which presumably contained a neutral 
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fraction, was set aside. The acid layer when treated with excess KOH 
solution yielded an oil whieh was taken up in a small volume of ether. 
The alkaline aqueous phase gave no evidence of the presence of phenolic 
products. The ether solution of bases was dried over KeCQO ; and fraction- 
ated in a 21 em. micro fractionating column, as recorded in Table I. The 
ether was first removed before the recorded fractionation began. Each 
fraction amounted approximately to 115 mg. 

The boiling points of all but the last fraction were in agreement with 
that for the ethylmethvlpvridine from cevine (4) and the analytical data 
were In close approximation with those calculated for CsH iN; viz., C 79.27, 
H9.15. Asmall portion of Fraction 5 was dissolved in ether and converted 
into the picrate. Upon reervstallization from acetone, well formed plates 


TABLE I 


Fractionation of Volatile Bases 


| 


Fraction No. temperature | temperature Pressure Micro b.p. Pa Ss 
| Cc H 
( » mm. | “a | per cent per cent 
2 74 10 171 78.85 8.92 
QD 74 40 171 
OD 74 i) 
t) OF 74 40 
ri v4 1) 
Q5 a4 1) 172 
1 | SO 25 173 
12 Q7 SD ISI 79.53 9.30 


were obtained which melted at 143 144°. A mixed melting point with 
ethyvImethyvlpyvridine picrate from cevine showed no depression. 


CHI Caleulated, © 47.98, H 4.03: found, C 48.08, H 3.66 


When the above ether which remained after extraction with HCl was 
examined, if was found to consist almost entirely of the same base which 
had apparently escaped extraction by the acid because of its weakly basic 
properties. 

The residue which remained in the dehydrogenation flask was pulverized 
and thoroughly extracted with ether. The ether extract was shaken with 
lO percent HCl The aqueous laver which contained precipitated tar and 
slightly soluble hywdrochlorides was set aside to be treated as deseribed 
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below. ‘The ether layer was then extracted with dilute NaOH solution. 
The latter proved to have removed but a very slight phenolic fraction, 
The ether layer was dried over K2CO; and when evaporated to dryness 
yielded 3.6 gm. of residue. This was dissolved in benzene and chromato- 
graphed through 80 gm. of Brockmann’s alumina. 2.05 gm. of material 
passed readily through the column with benzene. This proved to be 
mainly a hydrocarbon fraction, the fractionation of which is described 
below. Approximately 0.3 gm. of material was then removed from the 
column with ether. Nothing has been accomplished thus far with the 
material of this fraction. 

A final fraction which contained 1.08 gm. was eluted with methyl aleohol. 
This fraction was sublimed in an apparatus under 0.2 mm. pressure. All 
was collected which distilled up to a temperature ot 200° of the oil bath. 
0.8 gm. of sublimate was obtained which appeared to be mostly ervstalline 
and after reervstallization from benzene vielded 0.35 gm. of well formed 
needles. After two reecrystallizations, the substance melted at 136-138°. 


Caleulated. CC 87.05, H 6.50 
Found. S689, 6.47: C S7.10, H 6.80 


This substance was unquestionably of phenolic nature, since it dissolved 
in warm. dilute alkali and the resulting solution coupled with diazotized 
sulfanilic acid to give a purple-red solution. 

The above hydrocarbon fraction was sublimed under 0.2 mm. pressure. 
1.82 gm. of material distilled up to a temperature of 200°. The distillate 
was dissolved in ether and then treated with a little bone-black to remove 
colloidal selenium. The filtrate was concentrated and placed in a 21 em. 
micro fractionating column under 0.25 mm. pressure. The fractionation 
was carried out as given in Table II. 

Fraction 7 contained a small amount of oily material, but the ervstals 
did not entirely melt until a temperature of 70° had been reached. It gave 
analytical data in agreement with a C),Hi. hydrocarbon. Upon reerystal- 
lization from isopentane, it crystallized in square plates which melted at 
73-76°. After a second recrystallization, it melted at 74—-76°, and was 
unchanged on further reervstallization. 


CcHy.. Caleulated, C 93.05, H 6.95; found, C 93.13, H 7.03 


All the ensuing fractions up to Fraction 10 appeared to consist princi- 
pally of the same hydrocarbon. 

The hydrocarbon was treated with the calculated amount of picrie acid 
in acetone and chilled at 0°. Long, well formed needles of the picrate were 
obtained which melted at 131—132°, and did not change upon recrystal- 


lization. 
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ON sg. Calculated, C 62.45, H 4.15; found, C 62.68, 4.05 


The hydrocarbon was treated with the calculated amount of 1, 3, 5- 
trinitrobenzene in acetone. Rosettes of well formed needles of the addi- 
tion compound were obtained which melted at 144-145°. The melting 
point was not changed by reerystallization. 


CoH Caleulated, C 64.69, H 4.30; found, C 64.86, H 4.23 


[sorubijervine -In the above description of the isolation of rubijervine, 
mention was made of the mixture of crystals which was heated to dissolve 
the more soluble isorubijervine before filtration to collect an additional 
1 gm. of rubijervine. The filtrate on cooling rapidly set to a mass of 
needles. After collection with aleohol, 9.2 gm. of the new alkaloid fraction 


TABLE II 


Fractionation of Hydrocarbons 


Fraction Bath Column Weight . Analysis 
tempera- tempera- approxi- Character and m.p 
ture ture mate C H 
me. per cent per cent 
| IS6 112 On! 
2 105 130 70 sir SO.77 10.10 
4 140 70 : 
200) 140) 10 20 4.69 
202 145 130 W.74 45 
204 152 130 Partly crystalline 92.04 7.83 
204 130) Below 70 93.15 7.06 
204 230 H5-75 
204 72 130 43.19 7.14 
220) ISS 200) 
1] 230) Partly crystalline 
12 250) 


were obtained. Concentration of the mother liquor vielded an additional 
5.5 gm. <As so obtained, the material melted at 207-210° (uncorrected) 
after preliminary softening. On recrystallization, it was found that the 
tendency of this substance to erystallize in different forms somewhat com- 
plicated the picture. When allowed to stand in contact with the mother 
liquor, there occurred a gradual partial transformation of the needles into 
heavy, well formed prisms. When the mixture was heated, the remaining 
needles dissolved more rapidly. The prisms could then be readily col- 
lected. These were found to melt at 235-237° (uncorrected) after pre- 
liminary softening, and did not contain solvent. 


fal), = +6.5° (c = 0.97 in absolute ethanol) 
CooblgON. Caleulated, C 78.38, H 10.49; found, C 78.47, H 10.34 
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The above form was dissolved in hot 95 per cent alcohol and boiled down 
tosmaller volume. When rapidly chilled, a paste of needles formed, which 
was collected. The alkaloid now melted at 215-217° (uncorrected) and 
contained solvent. 

For analysis, it was dried at 120° and 2mm. The loss in weight was 
10.04 per cent. 

Co7HwO2N. Calculated, C 78.38, H 10.49; found, © 78.72, H 10.28 


The hydrobromide of isorubijervine crystallized from aleohol-ether as 
delicate needles which sintered above 275° and gradually softened to a 
resin at 290-295° (uncorrected). 


CoH Calculated, 6 65.535, ll found, > 65.69, Hi S.S7 
All analyses were performed by Mr. D. Rigakos. 
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THE VERATRINE ALKALOIDS 
XVI. THE FORMULATION OF JERVINE 
By WALTER A. JACOBS ann LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 
(Received for publication, January 13, 1943) 


Although the original formula, CogH3703;N, derived by Wright and Luff 
(1) for jervine appeared to have been substantiated by Salzberger (2) and 
more recently by Saito, Suginome, and Takaoka (3), as well as by Poethke 
(4), the analytical results now obtained in this laboratory with the base, 
its hydrochloride, and hydriodide are in better agreement with the formula- 
tion CezH sgQ,;N. This conelusion is definitely supported, as shown in 
Table I, by the analytical results which we have also obtained with a num- 
her of jervine derivatives first described by Saito, Suginome, and Takaoka; 
piz., N-acetyljervine, CoH gO, diacetyljervine, nitrosojervine, 
and tetrahydrojervine, We have prepared the 
latter not only by catalytic hydrogenation, which we have found to give 
rise to a mixture of isomers, but also by reduction with sodium and butyl 
aleohol, which appeared to produce mainly a different isomeric substance. 

From the formation of a diacyl derivative which involves a secondary 
N atom and an OH group, and also from the results of the active hydrogen 
determination, Saito et a/. assumed that the remaining 2 oxvgen atoms of 
jervine are contained in a methylenedioxy grouping. Poethke obtained 
similar results with the active Hl determination and confirmed the produc- 
tion of diacyl derivatives, as well as a neutral nitroso derivative. How- 
ever, he gave evidence against the presence of a methylenedioxy group. 
We have since tound that, although the Zerewitinoff determination carried 
out at ordinary temperatures indicates the presence of 2 active H atoms, 
at 95° a total of 4 moles of CH, is liberated. Similar results have been 
obtained with the tetrahydrojervines prepared by both methods. It may 
be concluded, therefore, that the remaining 2 oxygen atoms of jervine are 
contained in two additional, slowly reacting OH (or enolized CO?) groups. 
The attempt to prepare an acetonyl derivative of the alkaloid was un- 
successful. 

Pseudojervine, to which Wright and Luff (1) assigned the formulation 
CogHygO;N, which was confirmed by Salzberger (2), has been revised by 
Poethke (4) to CysHygOsN on the basis of titration of the base. This 
worker also demonstrated its secondary basic character by the preparation 
of nitrosopseudojervine. Since 5 active H atoms were found to be present, 
one of which is contained in an NH group, it appeared probable that it 
must contain four hydroxyl groups. Unfortunately, we have not sue- 
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ceeded thus far in isolating pseudojervine from the available crude drug 
to recheck the Zerewitinoff determination, as carried out by us in the case 
of jervine. If, as appears probable, six hydroxyl groups should be found, 
it would also be of interest to check its behavior toward acids. The sug- 
gestion has occurred to us that pseudojervine with the Poethke formulation 
of C33HggOsN could be a hexoside of jervine with the revised formulation 
CezH3g03N. Our recent observations with solanidine (5) have afforded 
evidence of a relationship to the veratrine alkaloids. The potato alkaloids 
occur as glycosides and thus offer a direct analogy to the suggested char- 
acter of pseudojervine. 


TABLE | 


Jervine and Derivatives 


Calculated on basis of Found 

Substance 
( H 

( H ( H 
Jervine 76.18 9.24 | 75.86 9.07 | 76.36 9.08 
76.12 | 9.21 
hydrochloride 70.16 8.73, 69.68 8.55 | 70.41 8.98 
70.13 
” hydriodide 58.57 | 7.29 | 57.86 7.10 | 58.80) 7.47 
O8.74 | 7.57 
Tetrahydrojervine (Na reduction) 75.46 10.10 75.12) 9.95 75.42 9.76 
79.69 10.23 
¥ (catalytic) 75.46 | 10.10 | 75.12 | 9.95 | 44.96 | 9.76 
79.16 9.93 
19.96 SY 
Nitrosojervine 71.32 | 8.43 | 70.86 | 8.24 | 71.41 | 8.32 
71.15 
N-Acetyljervine 74.47 | 8.84 | 74.12 | 8.67 | 74.46 | 8.74 
74.41 8.78 
Diacetyljervine 73:03 | 8.51 | 72.68 | 8.34 | 73.14) 8.47 
73.43 | 8.74 


EXPERIMENTAL 


Jervine—The recrystallized alkaloid employed for the following work 
melted at 237—238° (uncorrected)! after preliminary softening and gave a 
rotation of 


la] = —147° (c = 1.04 in ethanol) 
ON. Calculated. 76.18, 9.24, N 3.29 
Found. (a) ‘ 76.02, ‘‘ 9.34, 3.46 

(6) ** 76.30, 9.25 


1 The uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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The Tschugaeff-Zerewitinoff determination was as follows: 15.065 mg. 

of substance gave 1.57 ec. of CH, at 24° (741.5 mm.) and 3.26 ec. at 90° 
741.5 mm.). Found, H 0.42 at 24° and 0.87 at 90°; calculated for 4H, 
(0.95. 

The hydrochloride obtained from the base in methyl alcoholic solution 
separated as heavy parallelograms which, during the micro melting point 
determination, changed to needles at 280° and melted with decomposition 
at 330-334°. 


Calculated. C 70.16, 8.73 
Found. (a) ‘‘ 70.41, ‘* 8.98 


The hydriodide was obtained from methyl! alcoholic solution as rosettes 
of blades which melted at 302-305°. 


(.7H3O;N-HI. Caleulated. C 58.57, H 7.29 
Found. (a) ‘* 58.80, ** 7.47 
(o> * 7.74, * 7.57 


The alkaloid itself, recovered from the recrystallized hydriodide, after 
recrystallization from acetone, melted at 244-246". 


Found, C 76.36, H 9.08; C 76.12, H 9.21 


Tetrahydrojervine-A sdlution of 0.2 gm. of jervine in 20 ec. of butanol 
was heated to boiling and then, after addition of 1 gm. of sodium, vigor- 
ously shaken. After completion of the reaction, the mixture was diluted 
with water and the butanol removed under reduced pressure. The reaction 
product was extracted with hot benzene. The latter, after drying and 
concentration to about 20 ec., vielded the readily crystallizing tetrahydro 
derivative as needles which melted at 227—-229°. 

CosHwOsN. Caleulated. C 75.46, H 10.10 


Found. (a) ‘* 75.42, 9.76 
(b>) ** 75.60, ** 10.23 


8.642 mg. of substance gave 1.45 ec. of CH, at 27° (743.5 mm.) and 2.22 
ee, at 95° (743.5 mm.). Found, H 0.73 at 27° and 1.03 at 95°; calculated 
for 4H, 0.94. 

This substance did not appear to yield a sparingly soluble sulfate. 

0.15 gm. of jervine was hydrogenated in acetic acid solution with 50 mg. 
of platinum oxide catalyst. 2 moles of He were absorbed by the substance 
in3to5hours. After removal of the solvent and solution of the residue in 
water, the base was liberated with alkali and extracted with chloroform. 
The residue from the latter gradually crystallized from acetone in small 
amount. By careful manipulation, 15 mg. of a sparingly soluble fraction 
were obtained which, after reerystallization by concentration of its solution 
in warm acetone, formed highly refracting, often six-sided or rhombic 
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shaped platelets which melted at 228-232° (uncorrected). Found, C 74.96, 
H 9.76. 

This substance gave a sparingly soluble sulfate. 

On further manipulation of the main mother liquor, a copious second 
fraction, apparently of an isomer, was obtained from acetone as four-sided 
micro platelets, which melted at 210-212° (uncorrected) after preliminary 
softening. The mother liquor vielded an additional small fraction of the 
same substance. 


Found, (a) © 75.16. H 9.98: (h) © 75.37. H 9.89 


9.195 mg. of substance gave 1.08 ec. of CH, at 26° (735.5 mm.) and 2.25 
ee. at 90° (735.5 mm.). Found, H 0.468 at 26° and 0.974 at 90°; ealeu- 
lated for 4H, 0.94. 

Like the higher melting form, this substance vielded a sparingly soluble 
sulfate which crystallized as thin micro leaflets. It also formed a nitroso 
derivative, which crystallized as micro needles on addition of sodium ni- 
trite to the solution in dilute acetic acid. 

Nitrosojervine—TVhis was prepared by the addition of dilute sodium ni- 
trite solution to the alkaloid dissolved in dilute acetic_acid. After re- 
crystallization from alcohol, it formed delicate needles which melted with 


decomposition at 250—253° (uncorrected). 


Caleulated. C 71.32, H 8.45 


N-Acetyljervine-—A solution of the alkaloid in acetic anhydride prepared 
at room temperature was diluted with water aiter | hour. The neutral 
acetyl derivative formed glistening prisms from ether, which gradually 
sintered above 210° and melted at 224-225° (uncorrected). 

Calculated. C 74.4 
Found. (a) ‘* 74.46, ‘‘ 8.74 
74.4 

Diacetyljervine—-A solution of the alkaloid in acetie anhydride was boiled 
for several hours. The reaction product obtained after concentration to 
dryness crystallized as rosettes of needles or platelets trom dilute alcohol, 
which melted at 162-164° (uneorrected). The melting point depended 
upon the conditions of ervstallization since, when recrystallized again from 
dilute acetone, the substance now melted at 147-153° (uneorrected). From 
methyl aleohol, it formed columns which gradually melted at 154-163°. 

Caleulated. © 73.03, H 
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Microanalyses and active Hl determinations were performed by Mr. 
DD). Rigakos. 
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THE VERATRINE ALKALOIDS 
XVII. ON GERMINE. ITS FORMULATION AND DEGRADATION 


By LYMAN C. CRAIG anno WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, January 13, 1943) 


In recent systematic studies on the isolation, identification, and formula- 
tions of the alkaloids of Veratrum album, Poethke (1) isolated a new al- 
kaloid, germerine, for which the formulation C35HszOuN was derived. 
This alkaloid was shown to be the diaeyl ester of an alkamine, germine, 
Cog with optically active methylethylacetic and methylethyl- 
glycolic acids. At the same time, the protoveratridine of Salzberger (2) 
was shown, contrary to the interpretation of this worker, not to be directly 
related to protoveratrine, but to be a partial saponification product of 
germerine. Protoveratridine is methylethylacetylgermine produced by 
the removal of methylethylglvcolic acid from germerine. At the same 
time, Poethke discussed certain analogies in properties and in the data 
on hand between the two alkamines, germine and cevine, which strongly 
suggested their close chemical relationship. Besides certain differences, 
however, in physical properties, there appeared to be a difference in formu- 
lations. Cevine is Co7HygOsN, whereas the formulation CosHgOsN was 
derived for germine both on the basis of its analysis and those of the 
parent alkaloid,-germerine, and its salts. 

As our own work has progressed, it has become increasingly apparent 
that there can be no question of a structural relationship among the 
various veratrine alkaloids, and that the whole problem of the determina- 
tion of structure may be mutually facilitated by contributions made by the 
study of the individual alkaloids. We have, therefore, turned to the 
germine of Poethke, to see how far the analogy with cevine could be ex- 
tended. 

In the course of our separation (3) of the individual alkaloids from the 
crude alkaloid fraction from Veratrum album, we have found that the 
mother liquor which remained after removal of all directly ervstallizing 
alkaloids contained a large amorphous fraction. On saponification of 
this fraction, it was found a simple matter to obtain in good vield the 
alkamine germine because of the very sparing solubility of its chloroform 
compound. An appreciable amount of rubijervine was carried down in 
this fraction and could be separated easily from germine by reerystallization 
from methanol. Germine, as reported by Poethke, ervstallizes with 2 
moles of methanol. Our analyses of the base were always somewhat on 
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the high side in C for the formulation CogHgOsgN, although also somewhat 
low for the homologous tormula Co;HyOsN. However, it was found that 
germine readily condensed with acetone under the influence of HCl to 
form the crystalline salt of a monoacetony! derivative; viz., the hydrochloride 
of acetonylgermine. The base obtained from the salt also crystallized 
readily. Analysis of the salt and of the base gave figures which were in 
much better agreement with the formulation C39.H47OsN, based on that for 
germine of CesHywOsN than with that based on the older formula Co, HON, 
This was supported by the analysis of an /sogermine ([a]2 = —46.5° in 
ethanol), which we encountered in the mother liquors of germine. 

In view of these results and also of recent experience which has caused 
us to revise the formulations of jervine (4) and rubijervine (5) to CezHy9Q3N 
and Ce;HyOeN respectively, we conclude that germine is isomeric with 
cevine, CosHgOsN. Unlike cevine, germine vields a crystalline acetonyl 
derivative. The production of such a derivative indicates that germine 
must contain two hydroxy! groups which are vicinal or removed by only 1 
carbon atom, as in hederagenin (6). The failure of cevine to vield such a 
derivative may be due either to the absence of neighboring hydroxyl groups 
or to a trans configuration. 

The results of active H determinations on both germine and cevine have 
been in fair agreement with the presence in each of eight hydroxyl groups. 
In accord with this, acetonvlgermine was found to contain 6 active H atoms 
or six hydroxyl groups. ‘These results are not in accord with the experience 
of Poethke, who could ascertain only 6 active H atoms in germine, or with 
that of Freund and Schwarz (7), who much earlier reported only 6 active 
H atoms in cevine. However, the inconsistencies between the results 
obtained by these workers with the alkamines, the acvlated alkamines, 
and the original alkaloids make somewhat doubtful the validity of their 
results. 

Since the oxvgen atoms of both germine and cevine appear to be con- 
tained only in hydroxyl groups, the hydrocarbon of reference is CoH, 
which differs from a straight chain hydrocarbon by seven rings or double 
bonds. In the case of cevine, a double bond (or CO group?) has been 
indicated by its behavior on hydrogenation with Raney’s nickel catalyst, 
as already reported by us (8). We have not as vet had opportunity to 
study the behavior of germine in this regard. However, it appears prob- 
able that both cevine and germine possess hexaecyelic ring structures, 

Our study of the degradation of germine has shown a further close 
analogy with our experience with cevine. On dehydrogenation with 
selenium, the main volatile basic product has been found to be 2-ethvl-5- 


methylpyridine, as in the case of the other veratrine alkaloids (3, 9). 
From the volatile hvdrocarbon traction, a small amount of a hydrocarbon 
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was obtained, analysis ot which suggested the formulation C;sH;s. This, 
however, can be only a tentative interpretation. On the other hand, from 
the undistilled dehydrogenation mixture, both cevanthridine and cevan- 
throl first obtained by Blount (10) from cevine were definitely isolated in 
appreciable amounts. 

Finally, on oxidation of germine with chromic acid, the hexanetetra- 
earboxvlic acid first obtained by us from cevine (11) was also isolated in 


appreciable amounts as the tetramethyl ester. No indication, however, - 


was obtained of the production of the precursor of decevinie acid. This is 
perhaps best interpreted as due to different positions occupied by one or 
more of the hyvdroxvl groups in the two alkamines. 


EXPERIMENTAL 


In the previous paper on rubijervine (5), a chloroform compound of 
germine was mentioned which was stated to carry with it appreciable 
amounts of rubijervine. This fraction at onee crystallized when the 
saponification mixture trom 750 gm. of crude non-crystalline alkaloid 
syrup was shaken with chloroform. The amount of crystalline solid col- 
lected was 134 gm. The chloroform phase of the filtrate became the 
source of rubijervine and isorubijervine, as already recorded. The chloro- 
form extraction of the alkaline aqueous phase was then continued with 
100 ce. portions of chloroform. Since extracted material was persistently 
removed, it became necessary to repeat the extraction roughly 100 times. 
At intervals, twenty such extracts were combined, dried over KeCOs3, and 
concentrated to about 150 ce. At this point, additional germine-chloro- 
form compound crystallized, which amounted from all extracts to 13 gm. 
Following preliminary studies to determine its identity, this fraction was 
joined with the main fraction of 134 gm. for reerystallization. This was 
accomplished by solution in 2 liters of hot methanol to which 16 ce. of 
acetic acid had been added. The filtered solution was boiled down to 
about | liter and treated with 20 ec. of ammonia (0.9). Germine rapidly 
ervstallized as heavy prisms which contained solvent. About 85 gm. were 
directly obtained. 

For analysis, the substance was dried at 110° and 2 mm. 


(CHOON. Caleulated. © 63.61. H S.5I 
Cog 62.99, ** 8.34 
Found. (a) 63.04, 8.57 


Aside from the interpretation of the analytical data and the active H 
determination given below, the data obtained were essentially a confirma- 


tion of the experience of Poethke. 
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A portion was recrystallized by solution in a large volume of boiling 
methanol, followed by concentration to smaller volume. The base sepa- 
rated as beautifully formed prisms, which gradually softened to a slowly 
effervescing resin about 163-173°, and melted finally on higher heating 
to about 220°. 


lalp = +5.0° (c = 1.03 in 95 per cent ethanol) 
For analysis, the substance was dried at 110° and 2 mm. 


Calculated, CH;,OH 11.17; found, 10.56 
Anhydrous Caleulated. C 63.61, H 8.51 
Found. ‘* 63.32, ** 8.93 
63.15, ‘‘ 8.68 


The Tschugaeff-Zerewitinoff determination was as follows on dried sub- 

stance: 3.690 mg. of substance gave 1.46 ec. of CH, (27°, 736 mm.); no 
change at 95°. Found, H 1.57; calculated for 8H, 1.58, 7H, 1.38. 3.720 
mg. of substance gave 1.38 ec. of CH, (25°, 743 mm.); no change at 95°. 
Found, H 1.48. 
— For comparison, the following determination was made on cevine, which 
was dried at 110° and 2mm. 2.920 mg. of substance gave 1.06 ec. of CH, 
(25°, 743 mm.); no change at 95°. Found, H 1.47; calculated for 8H, 
1.58, 7H, 1.38. 

Isogermine—The chloroform mother liquor from the fraction of 13 gm. 
of germine described above was concentrated in vacuo to remove all chloro- 
form. This was facilitated by the use of 95 per cent aleohol. The result- 
ing resin (some weeks later) was redissolved in a small volume of 
chloroform, when copious crystallization occurred. The collected erystals, 
which amounted to 2.6 gm., gradually melted at 250-252° (uncorrected)! 
after preliminary sintering. The material was found to contain chloroform 
of crystallization. It was therefore redissolved in hot methanol and con- 
centrated to about 15 ec., when a copious separation of needles occurred. 
After collection with solvent, it darkened above 245°, and then gradually 
sintered above 250°, but was not completely melted until 260° was reached. 


[ai] = —46.5° (c = 1.01 in ethanol) 
The substance was practically without solvent. 
CosHyOsN. Caleulated, C 63.61, H 8.51; found, C 63.48, H 8.46 


When the methanol mother liquor of the above traction of 85 gm. of 
germine was concentrated to about 250 cc., it remained clear, since the 
dissolved material consisted essentially of acetates. On addition of am- 


! Uneorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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monia sparingly soluble needles rapidly separated, which proved to be 
rubijervine in a yield of about 4 gm. (m.p. 240-242°) (uncorrected). As 
directly obtained, the analysis was as follows: 


CosHwOoN. Caleulated, C 78.38, H 10.49; found, C 77.91, H 10.55 

Acetonylgermine—O0.15 gm. of germine was dissolved in a small volume 
of absolute alcohol by the addition of sufficient strong HCl to turn Congo 
red. After concentration to small volume, a few ec. of dry acetone were 
added. On rubbing, a mass of needles soon separated. After collection 
with acetone, the acetonyl! derivative was recrystallized by solution in a 
small volume of methanol followed by addition of acetone. It separated 
as hexagonal or rhombic platelets, which began to discolor and gradually 
shrink above 255° to a resin which melted with decomposition at 275° 
(uncorrected). 


Cao Caleulated. C 61.45, H 8.26, Cl 6.05 


HCI. sis 60.86, 8.11, 6.20 
** 61.28, ** 8.66 


The hydrochloride was dissolved in water and after precipitation with 
excess NaoCQO; solution, the free base was extracted with a necessarily 
large volume of benzene. The benzene solution on concentration to 
small volume yielded needles or long platelets of the base, which melted 
gradually at 235-239° (uncorrected) with decomposition after preliminary 
softening and discoloration. 

CsoHy7OsN. Caleulated. C 65.53, H 8.62 
Found. (a) 65.78, 8.63 

(b) ‘* 65.84, 8.62 


4.180 mg. of substance gave 1.0 ee. of CH, (27°, 736 mm.); at 95°, 1.10 
ec. Found, H 0.95 and 1.04 respectively; ealeulated for 6H, 1.1. 3.65 
mg. of substance gave 0.94 ec. of CH, (25°, 743 mm.); no change at 95°. 
Found, H 1.04. 


Oxidation of Germine 


A solution of 10 gm. of germine in a mixture of 100 ec. of HeSO,4 and 400 
ce, of water was treated gradually with 38.2 gm. of CrO3;. The temperature 
was not allowed to rise until all the CrO; had been added. The mixture 
was then heated at 90° for 2 hours, after which CrQs still persisted. After 
the mixture was cooled, the excess reagent was reduced with hydrazine 
hydrate and the solution was continuously extracted with ether until all 
extractable acid had been removed. ‘The ether extract was dried and 
esterified with diazomethane. After removal of solvent, the residual oil 
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was distilled in a sublimation apparatus under reduced pressure. 3.3 gm., 
or practically all, distilled up to an oil bath temperature of 170° under 0.2 
mm. pressure. The distillate was then fractionated in a micro fractionat- 
ing column 21 em. in length, according to the data recorded in Table T, 
The pressure during the distillation was approximately 0.25 mm. 
Hexanetetracarboxylic Tetramethyl Hster—Vhe analytical data obtained 
with Fractions 2, 3, 10, and 15 all approached the requirements of the 


TABLE | 


Fractionation of Esters 


Analysis 


Bath Column Weight 
tempera-  tempera- appro! Physical appearance 
ture ture mate "* H OCH; 
per cent per cent per cent 

170 100) 70 (il | 
2 110 100 52.10 7.09 38.57 
3 17S 120 100 52.00 7.06 37.15 
5 [SO 140 120 
6 LSO 140) 120 Semiliquid 
7 140 120 ('rvstalline 
LSO 140 120 

10 ISO 140 120 o2.92 7.02 

11 140 120 

12 ISO 140 120 

13 | 180 140 120 

14 145 120 


is | 240 | 225 120 | 52.10 | 6.02 
tetramethyl ester of the hexanetetracarboxyvlic acid obtained from cevine 
(9); viz., 

CysH2Os. Caleulated. © 52.80, H 6.97, 39.07 


Of these fractions, No. 15 possessed the sharpest melting point. It 
melted at 63-64°, and the rotation was [a]=? = +21° (e« = 1.72 in metha- 
nol). The melting point was not appreciably changed by recrystallization. 
These properties are in good agreement with those observed with the 
substance from cevine. A mixed melting point showed no depression, 

Fraction 18 superficially exhibited the properties of the ester of the 
precursor of decevinie acid, v7z. Cy;HesOs, but the analytical data were 
quite far removed from those of this substance (Cy;HoOs, calculated, 


a 

a 
p 
A 
In 
an 
In 
14 
ob 
shi 
ne 
(C 
tre 

{ 


L. C. CRAIG AND W. A. JACOBS 63 


C 57.27, H 6.79). However, as a control it was hydrolyzed with excess 
alkali and the acid obtained subjected to pyrolysis at 180°. No decevinic 
acid could be isolated from the mixture. 


Dehydrogenation of Germine 


Volatile Bases—A mixture of 20 gm. of germine and 60 gm. of selenium 
was heated in a modified distillation flask, after the air was displaced by 
nitrogen, to a temperature of 340° for 2 hours. The distillate was treated 
with 2 cc. of concentrated HCl in the cold, and the mixture was extracted 
with ether. The ether extract was set aside. The acid layer was made 
alkaline with KOH, and the liberated bases were extracted with ether. 
Examination of the alkaline laver gave no evidence of the presence of 
phenols. The ether extract was dried over KeCO 3 and fractionated. 
After the ether had been removed, fractionation was continued in a 22 em. 


TABLE II 
Fractionation of Volatile Bases 


Analysis 


| Cc H 

mm. | per cent | per cent 
66 50 | 
2 LOY | OS 50 149 8.65 
3 | 110 71 50 | 168 
111 70 46 169 78.6 9.17 
o 110 66 32 172 | 
110 66 20 172 78.31 9.09 
110 66 14 172 
110 S 172 


120 184 76.58 | 9 26 


micro fractionating column, as recorded in Table II. Each fraction 
amounted roughly to 70 mg. 

A portion of Fraction | was treated with double its weight of picrie acid 
in acetone. “Stout, pomted needles were obtained which melted at 145- 
149° and were practically indistinguishable from the 8-picoline picrate 
obtained trom the dehydrogenation of cevine. A mixed melting point 
showed no depression. 

CsHsN-CeH;O7;N3. Calculated, C 44.70, H 3.13; found, C 45.25, H 3.10 


Fraction 4 had reached approximately the boiling point of 2-ethyl-5- 
methylpyridine and gave analytical data which suggested this substance. 
(CsHiN, calculated, C 79.29, H 9.15.) <A portion of the sample was 
treated with an equivalent of picric acid in acetone. Broad, thin leaves 
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were obtained which began to melt at 143°, and then resolidified almost 
completely and remelted at 150-151°. A mixed melting point of this 
picrate with the picrate of ethylmethyvlpvridine from cevine showed no 
depression. 

CsHiN-CsH;0;N3. Caleulated. C 47.98, H 4.03; found, C 48.19, H 3.92 


The boiling points and analytical data of the later fractions indicated 
the almost complete absence of oxygenated pyridines among the dehydro- 
genation products. 

Hydrocarbon Fraction—The residue which remained in the dehydro- 
genation flask was finely powdered and exhaustively extracted with ether, 
The ether extracts were concentrated somewhat and extracted with 10 per 
cent HCl. The tarry aqueous layer, which contained the cevanthridine 
fraction, was set aside to be treated as described below. The ether extract 
was dried over KeCO; and concentrated to dryness. 0.8 gm. of residue 
remained. This material was combined with the same fraction from 


Taste II] 
Fractionation of Hydrocarbons 
Fraction No. Bath temperature Weight (approximate 
] 170 120 
2 1SO 145 
3 190 120 
4 230 LOO 
5 250 LOO 


another run of equal size and dissolved in 10 ee, of benzene. ‘The solution 
was passed through a column of 30 gm. of Brockmann’s alumina, followed 
by additional benzene. ‘The first 75 ec. of benzene which emerged con- 
tained 0.85 gm. of hydrocarbons which crystallized on cooling. After more 
benzene was passed through the column and then ether, the alumina was 
finally eluted with methanol. ‘This last fraction contained the cevanthrol 
fraction and will be described below. The hydrocarbon fraction was 
distilled under 0.2 mm. pressure without the use of an efficient column, 
since the amount of material was inadequate. Five fractions were, how- 
ever, collected, as recorded in Table III. 

All of the fractions were more or less crystalline, but the last three 
contained selenium. Fraction 2 was recrystallized from ether. SO mg. 
of material were obtained which melted at 110—-150°. After two further 
recrystallizations, the melting point rose to 160-167°. Analytical data and 
the molecular weight determination indicated a formulation of CisHis>- 
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CisHis. Calculated. C 92.24, H 7.77 
Found. ** 92.37, ‘* 7.56; C 92.23, H 7.49 


The molecular weight was determined by the Rast method. 


0.89 mg. substance: 11.08 mg. camphor; A = 13.5° 
Mol. wt. found, 228.8; calculated, 234.1 


Cevanthrol—The cevanthrol fraction from above was sublimed under 
(0.2 mm. pressure. 0.3 gm. of material sublimed up to a temperature of 
200°. After repeated recrystallization from benzene, 97 mg. of leaves were 
obtained which melted at 193-196° and showed no depression when mixed 
with cevanthrol from cevine. Its crystalline form and properties appeared 
to be identical in all respects. 


Cy. O. Caleulated, C 86.39, H 6.83; found, C 86.22, H 6.63 


Cevanthridine—The tarry aqueous layer mentioned above, containing 
the cevanthridine fraction, was extracted with chloroform. This dissolved 
all tar, as well as the hydrochlorides of the bases. The aqueous layer was 
discarded. The chloroform extract was washed with dilute NaOH and 
dried over KeCO3. Upon evaporation, 2.6 gm. of residue were obtained. 
This was combined with the similar fraction from a second dehydrogenation 
experiment of the same size, and dissolved in about 50 ec. of benzene. 
The benzene solution was passed through 150 gm. of Brockmann’s alumina 
and followed by fresh benzene. As soon as material began to emerge 
from the column, fractions of 50 ee. were collected. The first fraction 
contained 0.46 gm. of residue which did not crystallize. The second frac- 
tion contained 1.66 gm. which erystallized in large part but from which it 
was difficult to obtain sharply melting material upon repeated recrystal- 
lization. ‘The third fraction yielded 0.7 gm. which crystallized readily 
and on reerystallization from benzene gave pure cevanthridine which 
melted at 210-213°. A mixed melting point with an authentic sample 
obtained from cevine showed no depression. Its properties were identical 
in other respects. 

Caleulated. C 87.92, H 7.97 
Found. ‘* 87.87, ** 8.02: C 87.69, H 7.81 


More material could be eluted from the column, but it has not been 
studied thus far. 


All analyses and active H determinations were made by Mr. D. Rigakos. 


Addendum— Since this paper was sent to press, we have obtained a crystalline 
alkamine on hydrolysis of the alkaloid protoveratrine. This alkamine, first isolated 
in amorphous form by Poethke (1) and called by him protoverine, was given the 
formulation C.,H,OwN. Our analytical results, however, fit best with a formulation 
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CorHyOgN. The presence of a double bond in protoverine has been shown by re. 
duction to a dihydroprotoverine, CoHyOsN. Similarly, germine has been reduced 
to a dihydrogermine, CxHyOsN. These tertiary bases, like cevine and solanidine, 
must therefore be hexacyelie bases. 
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PHOSPHOROLYSIS AND SYNTHESIS OF SUCROSE WITH A 
BACTERIAL PREPARATION 


By M. DOUDOROFF, N. KAPLAN, anv W. Z. HASSID 


(From the Department of Bacteriology, Division of Biochemistry of the Medical School, 
and the Division of Plant Nutrition of the College of Agriculture, University 
of California, Berkeley) 


(Received for publication, January 4, 1943) 


The recent discovery of the reversible phosphorolysis of polysaccharides 
by Cori and Cori (1, 2), Kiessling (3), and Hanes (4) has shed considerable 
light on the mechanism of synthesis of glveogen and starch in animal and 
plant tissues. On the other hand, very little is known about the mech- 
anism of sucrose formation in plants. It has been suggested previously 
(5-8) that phosphorylated sugars may play a réle in the synthesis of sucrose, 
but no direct evidence has been brought forth thus far in support of this 
view. Since invertase is widely distributed in plants, it has been held by 
some investigators (5, 8) that this enzyme is responsible not only for hy- 
drolysis of sucrose, but also for its formation. This view, however, could 
not be substantiated (9, 10). It is of interest to point out in this connec- 
tion that attempts to synthesize sucrose by chemical methods have not 
met with success to date (11, 12). 

The occurrence of such an enzymic phosphorolysis in bacteria gives prom- 
ise of helping to explain not only the mechanism of sucrose synthesis, but 
also the so called ‘“‘direct”’ utilization of disaccharides claimed to occur in 
some microorganisms (13, 14). 


EXPERIMENTAL 


The organism Pseudomonas saccharophila Doudorofft (15) was selected 
for the present studies. This organism exhibits the unusual ability of 
developing more rapidly with certain complex sugars than with mono- 
saccharides. Under certain conditions, it oxidizes such sugars as sucrose, 
trehalose, maltose, melibiose, and raffinose at a much higher rate than the 
constituent hexoses, 

The bacteria were grown in a liquid medium containing M/30 KH.PO,¢- 
NawHPO,, Sérensen phosphate buffer at pH 6.64, 0.1 per cent NH,C1, 
0.05 per cent MgsSO,, 0.005 per cent FeCls, 0.001 per cent CaCh, and 
0.3 per cent sucrose at 29° with constant agitation to provide ample aera- 
tion. Under such conditions, almost 50 per cent of the carbon content of 
sucrose is converted into cell material, the remainder being oxidized to COs. 
Traces of reducing sugar appear in the medium, as well as occasionally small 
amounts of pyruvie acid, which disappears in the later stages of develop- 
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ment. The cells were harvested by centrifugation, washed twice with dis- 
tilled water, and dried at room temperature tn vacuo over POs. 

For experimental purposes, preparations were made by grinding a suffi- 
cient amount of dry bacteria with water to result, after various turther 
additions, in a final suspension containing 2 per cent of the dried cells by 
weight. Such suspensions were found to possess a negligible endogencus 
respiration (5 to 12 e¢.mm. of OQ» per 2 cc. per hour) which was practically 
unaffected by the addition of sugars as substrates or by treatment with 
fluoride and iodoacetate. An equally negligible production of acid (10 
to 15 ¢.mm. of CQ, liberated from bicarbonate per 2 cc. per hour) was also 
observed both under aerobic and anaerobic conditions in the absence of 
substrate. Since the organism is an obligate aerobe, incapable of ferment- 
ing sugars, it is not surprising that no fermentation of sucrose or glucose 
could be detected with the dry cell preparations. 

Phosphorolysis of Sucrose—When dry bacterial preparations were 
incubated with phosphate or phosphate-bicarbonate-CO. buffers at pH 
6.3 to 7.0 in the presence of sucrose, a rapid esterification of inorganic 
phosphate was observed. The disappearance of the phosphate could be 
measured cither with the aid of a modified Fiske-Subbarow method or 
manometrically in a Warburg respirometer (as COs. liberated from bi- 
‘arbonate by the formation of a strongly acidic ester). No esterification 
whatever could be observed with glucose, fructose, or a mixture of the two 
by such cells, nor by preparations made with bacteria grown with glucose 
as sole earbon source. The esterification of phosphate in the presence 
of sucrose was not inhibited by either 0.04 m fluoride, O.OL M iodoacetate, 
or both, and proceeded equally well under aerobic and anaerobic condi- 
tions. All of the esterified phosphate could be shown to be in the barium- 
soluble, 7 minute-hyvdrolyzable fraction of the suspensions. The ester 
was separated and identified as ghucose-l-phosphate as follows: The reae- 
tion mixture was treated with trichloroacetic acid, centrituged, and then 
barium acetate added. After neutralization and removal of the inorganie 
phosphate, the barium salt of the ester was precipitated by the addition 
of 3 volumes of ethanol. The material was extracted twice with water, 
the insoluble residue discarded, and the supernatant liquid precipitated with 
1.5 volumes of aleohol. After this operation was repeated, the matertal 
obtained was almost completely soluble in water. The substanee did not 
reduce alkaline copper or ferricyanide solutions. However, on hydrolysis 
with 1 N sulfurie acid for 7 minutes at LOO", and neutralization of the 
solution, after removal ot the barium sulfate precipitate, an osazone was 
formed. This was identified as glucosazone. ‘That it was the osazone 
of glucose and not of fructose is indicated by the negative Roe test (16) 
and by the hyvpoiodide reaction given by the hydrolyzed solution. 
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The barium salt of the ester was converted into the dipotassium salt as 
follows: The salt was dissolved, and a sufficient amount of sulfurie acid was 
added to make the pH of the solution 1.8. The precipitated barium 
sulfate was removed by centrifugation, the solution was brought to pH 8.3 
with potassium hydroxide, and 1.5 volumes of ethanol were added. After 
24 hours the ester separated out in the form of a erystalline salt. The 
erystals were filtered off, washed with aleohol, and dried in vacuo at 40°. 

A few ot the ervstals were dissolved in water and treated with potato 
phosphorylase at pl! 6.0.) Starch, which was identified by the brilliant 
blue color when treated with iodine, rapidly appeared. This reaction is 
characteristic of glucose-l-phosphate (4). 

The following analyses were obtained. 


Cell O- Ke 2HO Calculated Found 

8.33 S.1 

Aldose 3S 48.0 
Specific Rotation = (in water, ¢ = 1) 


It might be expected that the phosphorolysis of sucrose would lead to 
the production of | mole of fructose per mole of Cori ester in accordance 
with the equation, sucrose + H,PO, glucose-l-phosphate + fructose. 
This, indeed, was found to be the case. 

In addition to the phosphorolytic property, the suspensions showed a 
rather strong invertase activity resulting in the tormation of glucose and 
fructose in equimolar ratio. That this was not due to a phosphorolvsis 
followed by a hydrolysis of the Cori ester to glucose and phosphate is in- 
dicated by the facet that ghicose-l-phosphate remained practically un- 
attacked when supplied as substrate under similar conditions, except for 
a slight initial dephosphoryvlation to be discussed further. 

To show the quantitative relationship between the various products of 
sucrose breakdown, LO cc. of a 2 per cent suspension of dry bacteria were 


prepared in approximately m/60 phosphate buffer solution at pH 6.64 


containing approximately 0.05 mM sucrose, 0.1 Mm NaHCQOs;, 0.05 Mm NaF, 
and 0.01 mM iodoacetate. The suspension was shaken for | hour at 29° 
in an atmosphere of COQ., whereupon trichloroacetic acid was added and 
the precipitate centrifuged off. A control experiment was carried out 
under similar conditions, except that sucrose was not added until after 
precipitation with trichloroacetic acid. An aliquot of the neutralized 
supernatant liquid was analyzed for inorganic phosphate, while, in another, 
the phosphate ester was removed as the lead salt. 

Total reducing sugars were determined after removal of the ester by 
the method of Hassid (17) and glucose by the reduction of hypoiodite (18). 
Fructose was estimated by difference, after correction for the reduction 
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of hypoiodite by fructose and sucrose in solution had been applied. Su- 
crose was determined by the increase in reducing sugar after acid hydrolysis, 
The lead salt of the ester was hydrolyzed and the glucose content deter- 
mined as above, with a small correction for the ester remaining in solution, 
determined as hydrolyzable phosphate. The results are presented in 
Table I. 

To show the interrelation of phosphorolytic and hydrolytic activities 
carried out by the preparations, two aliquots of a suspension were allowed 
to act on approximately M/30 sucrose in M/15 NaHCQO, in an atmosphere 
of CO,. One contained only the inorganic phosphate introduced with the 
dry cells (0.0043 mM), while the other was made up with pH 6.5 phosphate 
buffer to a concentration of 0.022 M. 

Samples were removed, after various periods of incubation with constant 
shaking at 29°, and analyzed for reducing sugar and for inorganic phos- 


TABLE | 
Sucrose Breakdown by Dry Cell Preparation 


meq. 
(a) Sucrose utilized (as hexose)..... | 0.565 
(b) P esterified (Fiske-Subbarow method) 0.137 
(c) Glucose esterified (hydrolysis of ester). . 0.140 
(d) found as free sugar... .. .. 0.181 
(oe) Freetess 0). 294 
(f) = in excess of free glucose (e) — (d) 0.143 
(g) Products recovered (c) + (d) + (e) | 0.585 
Recovery of sucrose products (g/a), %..... 103 


Ratio, fructose to Cori ester in Phosphoroly sis (f/c) 1.02 


phate. The results are presented in Table II, together with the computed 


amount of sucrose utilized, obtained by the summation of esterified 


and reducing sugars found. 

It may be seen from Table II that the phosphorolytic and hydrolytic 
enzymes apparently compete for the sucrose. The nature of the data 
makes it impossible to compute an equilibrium constant for the phos- 
phorolysis. The possibility of separating the two functions of the prep- 
arations will be investigated in the future. It 1s interesting to note that 
following the initial increase in esterified phosphate, there is a gradual 
decrease, strongly indicating the reversible nature of the phosphorolysis, 
which was proved by further experiments. The irreversible hydrolysis 
of sucrose would force the phosphorolytie reaction to the left, resulting 
in the disappearance of the ester. 

Synthesis of Sucrose—<As stated earlier, dry cell preparations were found 
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to have very little action on glucose-1-phosphate under conditions favoring 
phosphorolysis. Thus when M/9 Cori ester (IX salt acidified to pH 6.3 to 
6.5 with acetic acid) was added to a preparation in M/15 NaHCQ, in an 
| atmosphere of COs, only a small fraction (about 2 per cent) of the phos- 
| phate was split off in 40 minutes at 29°, after which time no further dephos- 
phorylation occurred. Measurements of the reducing sugar value indi- 
| eated a somewhat greater amount of reducing sugar formed than would 
be expected if the process were merely hydrolytic (phosphatase) activity, 
| and suggested that, besides hydrolysis, the formation of a small amount 
of reducing ester (such as glucose-6-phosphate) might take place (1). No 
| starch or glycogen could be detected with iodine. 
When, however, M/9 fructose was added together with glucose-1-phos- 
phate under similar conditions, a fairly rapid and constant liberation of ; 


TABLE II | i 


Course of Sucrose Breakdown 


—_ 


M.eq. per 10 cc. after various periods of 
; incubation at 29° 


60min.  120min. 


) 30 min. 


. (Initial phosphate 0.0043 m) 


(a) Total P esterified. . 
Reducing sugar produced... 


(¢) Sucrose used (as hexose) (a) + (b).. 


II. (Initial phosphate 0.022 m) 
(a) Total P esterified. . 
(6) Reducing sugar produced. . 


0.024 
0.209 
0.233 


0.100 
0.259 


0.018 
0.356 
0.374 


0.113 
0.366 


0.017 
0.479 
0.496 


(c) Sucrose used (as hexose) (a) + (b).. 


0.359 0.479 


1 inorganic phosphate was observed, accompanied at first by a decrease in 
1 reducing value, and later by an increase paralleling the liberation of phos- 
phate. This was taken as evidence for the formation of a non-reducing 
. | sugar from glucose-1l-phosphate and fructose, followed by its hydrolysis to 
hexose constituents. 
" The non-reducing sugar was identified as sucrose by the simultaneous 
ss determination of increase in reducing value and change in optical rotation 
t of the deproteinized and neutralized solutions before and after inversion 
J with veast invertase. (Small corrections for the reducing and optical 
s, properties of the invertase preparations obtained from the Wallerstein 
is Laboratories were made. Inorganic phosphate determinations before and 
g __ after inversion indicated no effect of invertase on the Cori ester present.) 
In one experiment, the total amount of sucrose was calculated as 9.05 mg. 
d (+0.28 mg.) on the basis of reducing value, and as 9.55 mg. (40.6 mg.) 
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min. 
0.003 

0.561 

0.564 
0.093 0.085 
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on the basis of polarimetric readings. In another case, 10.64 mg. (+0.5 
mg.) were found by the former method as compared with 11.1 mg. (+1 mg.) 
by the latter. No sucrose could be detected in the controls, to which 
trichloroacetic acid was added before glucose-l-phosphate and fructose, nor 
in preparations with fructose alone, the Cori ester alone, or glucose and 
fructose together. | 

Table III shows the relation of synthesis of sucrose to the utilization of 
glucose-l-phosphate and fructose by 5 ce. of a bacterial preparation with 
M/15 NaHCQOs, Cort’s ester, and 0.108 mM fruetose incubated at 29° 
in an atmosphere of COs. Both the theoretical values for sucrose, com- 
puted as reducing sugar unaccounted for, and the actual values, found as 
increase in reducing sugar after hydrolysis with invertase, are given, 
From Table II] it is evident that, under the conditions of the experiment, 
the sucrose concentration rapidly reaches a value approximating 6 per 


TABLE III 


Sucrose Formation from Glucose-1-phosphatle and Fructose 


M.eq. per S$ cc. 


min. {0 min 60 min. 120 min 180 min. 
(a) Reducing sugar... 0.541 0.509 0.521 0.542 0.570 
(b) Total change in reducing sugar. -0.032 —0.020  +0.001 +0. 029 
(c) P liberated from Cori ester 0 O21 () O47 0. 06S 0.005 
(d) Sucrose calculated (as hexose) 
(fe) Sucrose found (as hexose) with 
invertase... 3 () O51 O62 O66 1). O69 


cent of the sum of the constituents, and remains constant at this level, at 
which the rate of hvdrolvsis must equal that of svnthesis. Other experi- 
ments gave as good or even better agreement between the theoretical 
sucrose values and those actually determined with invertase. 

Treating with iodoacetate and fluoride did not materially affect the 
reaction. The addition of M/70 sucrose was shown to depress the liber- 
ation of inorganic phosphate by preparations with the Cori ester and 
fructose, but the addition of M/60 phosphate buffer or of veast invertase 
to the suspensions did not appreciably affect the rate. 

Experiments with Other Sugars—\t has already been stated that no 
esterification of inorganic phosphate could be observed with glucose as 
substrate even by preparations of bacteria grown with glucose as _ sole 
carbon source. It might be expected that a phosphorolvsis of trehalose 
and maltose would be observed with dried bacteria obtained from cultures 
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with these sugars. However, no esterification could be detected in the 
presence of these sugars under conditions similar to those employed in 
experiments with sucrose. Either the phosphorolytic enzymes were inac- 
tive in these preparations, or the breakdown of these sugars follows a 
different course than that for sucrose. This observation was disturbing, 
in view of the fact that, especially with trehalose, the metabolism of the 
bacteria, both in growing cultures and in resting cell suspensions, is re- 
markably similar to that with sucrose. 

An interesting observation was made with trehalose-grown bacteria; 
namely, that the dry cell preparations were capable of hydrolyzing this 
sugar fairly rapidly, although the intact cells have very little activity, 
recalling the findings of Deere et al. (19, 20). That this hydrolysis was 
not due to a phosphorolysis coupled with phosphatase activity seemed 
almost certain from the findings that it proceeded at exactly the same rate 
both in the presence and in the absence of added phosphate, and that 
glucose-l-phosphate was attacked at a verv low rate as compared with 
that for the hydrolysis of trehalose. Of further interest was the obser- 
vation that preparations trom cultures grown with trehalese showed 
neither an appreciable hydrolysis nor phosphorolysis of sucrose. This was 
not unexpected, in view of the extremely adaptive character of the en- 
zvmes reported previously for this bacterium. 


DISCUSSION 


Although the discovery of the phosphorolytic breakdown and synthesis 
of sucrose by preparations of Psevdomonas saccharophila is of general 
interest, it falls short of explaining the behavior of the intaet organisms 
with respect to this sugar as well as other disaccharides. The living cells 
are capable of oxidizing the entire sucrose molecule at a very high’ rate 
(with a synthesis of about two-thirds of the sugar to cell material by 
starved resting cell suspensions). Glucose, on the other hand, is oxidized 
very slowly by bacteria accustomed to sucrose, while fructose supplied 
In equivalent concentrations is practically unattaeked. Yet fruetose is 
the produet ot both the phosphorolvsis and hydrolysis of sucrose by the 
bacterial preparations. Three theories may be suggested in_ possible 
explanation ot this behavior: (1) That the permeability of the cell mem- 
brane prevents the penetration of the free hexose. (2) That the hexose 
constituent, during or immediately after phosphorolysis or hvdrolvsis, is, 
for some reason, more readily attacked than a free hexose molecule. That 
the y torm of fructose would fulfil such a requirement does not seem verv 
likely, since the preparations are capable of using the normal form of 
fructose in the svnthesis of sucrose. (3) That, in living cells, the di- 


saccharide aets first as a phosphate acceptor and is then phosphorolyzed 
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to 2 molecules of hexose phosphate. Since no respiratory or fermentative 
ability was shown by the preparations, there could be no generation of 
suitable phosphate donors for the phosphorylation of either the hexose or 
the disaccharide, and the normal course of events may have been altered 
by this deficiency. It is even possible that the inability of dry cells to 
phosphorolyze trehalose and maltose may have been due to the inavail- 
ability of such donors. Experiments designed to test the above possibili- 
ties are now in progress. 


SUMMARY 


1. A dry preparation of the bacterium Pseudomonas saccharophila has 
been found capable of phosphorolyzing sucrose to glucose-1-phosphate and 
fructose. 

2. With glucose-l-phosphate and fructose as substrates, the formation 
of sucrose could be demonstrated by the reversal of the above reaction. 

3. The competing hydrolytic and phosphorolytic properties of the prepa- 
ration could be summarized as follows: 


Sucrose + H,;PO, — glucose-l-phosphate + fructose 


+ 
H,O 


glucose + fructose 
The authors wish to express their gratitude to Professor H. A. Barker 
for his valuable suggestions. 
Addendum—Since the preparation of this manuscript, an article by Kagan, Latker, 
and Zfasman (21) has come to our attention. These authors present evidence for 


the phosphorolysis of sucrose with the production of glucose-l-phosphate by intact 
cell suspensions of the bacterium Leuconostoc mesenteroides. 
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ON THk FRACTIONATION OF IODINE IN BLOOD* 


By MAURICE BRUGER ann SAMUEL MEMBER 


(‘From the Research Laboratory, Department of Medicine, New York Post-Graduate 
Medical School and Hospital, Columbia University, New York) 


(Received for publication, January 9, 1943) 


Since 1900, when Gleyvy and Bourcet (1) demonstrated that a part of 
the plasma iodine was in combination with protein, many workers have 
attempted to segregate the blood iodine into various fraetions. Such 
terms as “organic’’ iodine, “hormone” iodine, ete., were introduced, which 
were used rather loosely to represent that part of the blood iodine insoluble 
in acetone, ethyl alcohol, or methyl alcohol. The expression of iodine 
fractions according to their respective solubilities (or imsolubilities) in 
these solvents, however, is invalid, since it has now been shown that the 
amount of 1odine extracted by these agents depends upon the efficieney of 
the extraction (2-4). 

Working with a filtrate of blood atter the proteins had been precipitated 
by zine sulfate and sodium hydroxide (method of Somogyi (5)), Trevorrow 
(2) has shown that the protein coagulum apparently retained all the added 
thyroxine and diiodotyvrosine, while added potassium iodide or iodate 
appeared in the filtrate. Aecording to Salter (6), Perkin has made similar 
observations. Recently, Man and her coworkers (7), working with the 
protein precipitate of blood after the addition of the Somogyi reagents, 
found in four experiments that after the addition of thyroxine and diiodo- 
tyrosine to serum 93 and 94 per cent of the thyroxine iodine and 83 and 85 
per cent of the diiodotyrosine iodine were recovered in the protein pre- 
cipitate. 

In the studies now reported, the experiments of Trevorrow (2) were re- 
peated, but for technical reasons iodine determinations were carried out 
on the protein coagulum rather than on the filtrate as was done by this 
worker. Apparently, Man and her associates (7) also have found the 
protein mass more amenable for analysis. In addition, thyroglobulin, 
which was obtained through the courtesy of Dr. L. J. Soffer of Mount 
Sinal Hospital, New York, was also employed in many recovery experi- 
ments. Investigations with thyroglobulin appeared important, since 
under certain special circumstances, this substance is known to circulate in 
the blood stream (8). The method of Trevorrow and Fashena (9, 10) was 
used throughout. 


* Aided by a grant from the Thyroid Fund of the Thyroid Clinic, Departments of 
Medicine and Surgery, New York Post-Graduate Hospital. 
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TABLE I 
Recovery of Added Thyroxine, Thyroglobulin, and Potassium Iodide in Protein 
Coagulum of Blood with Methyl Alcohol As Protein-Precipitating Agent 
The protein mass was washed with 200 cc. of acetone. 


lodine in protein coagulum 


Experiment Recovery 
| Calculated | Found 
per cent 
15 cc. pooled human blood + thyroxine 0.72 + 23 5.12 22 
0.72 + 23 5.14 22 
0.72 + 69 25.60 37 
0.72 + 69 25.00 36 
1.18 + 53 10.42 20 
1.18 + 21.2 6.78 31 
1.18 + 21.2 3.77 17 
10 0.48 + 46 10.80 23 
0.48 + 46 12.50 27 
0.24 + 23 4.00 17 
0.24 + 23 4.00 17 
+ thyro- 0.24 + 15.86 14.96 93 
globulin 0.24 + 15.86 14.51 90 
0.24 + 15.86 14.64 OO 
0.24 + 15.86 15.37 95 
15 ce. pooled human blood + potas- 0.72 + 63.3 0.75 0) 
sium iodide 0.72 + 63.3 0.71 0 


II 
Recovery of Added Thyroxine in Protein Coagulum of Blood with Heat and Acetic Acid 
As Protein-Precipitating Agents 
The protein mass was not washed. 15 ce. of pooled human serum + thyroxine 
were used in each experiment. The calculated value for iodine in the protein coagu- 
lum is 1.9 + 10.7 y. 


lodine found in protein coagulum Recovery 


Y | per cent 
7.74 | o4 
7.04 52 
6.14 | 40 
6.18 40 

Results 


Table I shows that when methyl alcohol is used as a precipitating agent 
of blood protein and the protein coagulum is washed with acetone, the pro- 
tein mass retains 90 to 95 per cent of the added thyroglobulin but only 17 
to 37 per cent of the added thyroxine. Added potassium iodide is com- 
pletely washed out of the protein mass. 


| 
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TABLE III 


Recovery of Added Thyroxine and Thyroglobulin in Protein Coagulum of Blood with 
Tungstic Acid As Prolein-Precipitating Agent 


Todine in protein coagulum 
Experiment Fictiiaieenterhenhil Recovery Washing of protein mass 
Calculated Found 
| Y | Y per cent 
15 ec. pooled human 2.744 10.7 9.49 63 None 
serum + thyroxine 2.74+ 10.7 9.46 62 = 
2.74 + 21.4 | 16.6 
2.744 21.4 | 15.3 
| 2.74+ 5.35 | 6.24 
2.744 + 5.35 | 5.75 | 56 | Water (50 cc.) 
15 ec. pooled human 1.18 + 53 | 24.3 43 | Methyl alcohol (50 ec.) 
blood + thyroxine + acetone (100 ec.) 
1.18 + 21.2 | 8.21 37 
15 ec. pooled human 1.18 + 21.1 | 16.4 77 $e 
blood + thyroglob- 


ulin 


TABLE IV 


Recovery of Added Thyroxine, Thyroglobulin, and Diiodotyrosine in Protein Coagulum 
of Blood with Zine Sulfate and Sodium Hydroxide As Protein-Precipitating Agents 


The protein mass was not washed. 


lodine in protein coagulum 


Experiment — Recovery 
Calculated | Found | 
Y | per cent 
15 cc. pooled human serum + thyroxine 1.62 + 13.5 13.3 | 89 
1.62 + 13.5 13.9 92 
1.62 + 13.5 14.6 97 
‘$7 +S 93 
10.1 +11.144 | 2.3 109 
6.2 Ba 109 
6.1 101 
15 ‘* sheep blood + thyroxine 1.3 + 12.3 | 13.8 102 
is | 99 
thyroglobulin 1.3 + 19.0 19.3 95 
| 1.3 + 19.0 18.1 89 
1.3 + 19.0 20.8 103 
12 +100 |. 103 
a ‘“ 4. diiodotyrosine 0.21+20.9 | 18.81 89 
| 0.21 + 20.9 19.23 91 
0.21 + 20.9 21.27 101 
| 0.21+ 8.4 9.20 107 
| 0.21+ 8.4 8.57 100 
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TABLE V 
Recovery of Added Thyroxine in Protein Coagulum of Blood with Zine Sulfate and 
Sodium Hydroxide As Protein-Precipitating Agents in Presence of Added Inorganic 
Iodine 
The protein mass was washed once with 50 cc. of water. 


Iodine in protein coagulum 


Recovery of 


Experiment Iodine in pro- fodinein pro- organic iodine 
Total iodine calculated tein coagulum _ tein coagulum 
calculated | found 
+ per cent 
15 ce. sheep blood +- +: 32:2 13.5 14.9 110 
thyroxine + potassium + 10.6 
iodate 1.3 + 12:2 13.5 13.3 QQ 
+ 10.6 
+ 12.2 13.5 13.7 101 
4+ 21.1 
32.2 13.95 13.3 
+ 9§.25 
15 ec. pooled human blood 1.2 + 12.7 13.9 15.5 Lit 
+ thyroxine + potas- + 10.55 
sium iodate 1.2 + 12.7 13.9 14.2 102 
+ 10.55 
12+ 12.7 13.9 14.9 107 
+ 5.25 


VI 
Removal of Potassium Todate from Protein Coagulum of Blood with Zine Sulfate and 
Sodium Hydroxide As Protein-Precipitating Agents 


15 ec. of pooled human blood + potassium iodate were used in each experiment. 


Iodine in protein coagulum ree 
Inorganic iodine 


Washing of protein ma: 
removed ashing off ge 


Calculated Found 
¥ per cent 

4.92 + 10.55 S.6 65 None 
4.92 + 10.55 8.0 70 
4.92 + 21.10 11.0 
4.92 21.10 = 
4.92 + 3.25 5.4 50 «cc. water 
1.30 + 21.10 2.9 


Table IT indicates that when heat and acetic acid are used as protein- 
precipitating agents, the protein coagulum retains only 40 to 54 per cent 
of the added thyroxine. 

Table IIT demonstrates that the protein coagulum of blood retains only 
37 to 65 per cent of the added thyroxine and in one experiment 77 per cent 
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of the added thyroglobulin when tungstic acid is used to precipitate the 
blood proteins. 

Table IV shows that when zine sulfate and sodium hydroxide are used as 
precipitating agents of blood protein, the protein coagulum retains 88 to 
109 per cent of the added thyroxine, 89 to 107 per cent of the added thy- 
roglobulin, and 89 to 107 per cent of the added diiodotyrosine. 

Table V indicates that when the blood proteins are precipitated by the 
Somogyi reagents and the protein mass 1s washed with 50 ce. of water, the 
protein mass retains 99 to Ill per cent of the added thyroxine while added 
inorganic iodine in the form of potassium iodate is completely washed out. 
Table VI demonstrates that if, however, the protein coagulum is not washed 


Taste VIT 
Total and Precipitable Iodine of Whole Blood of Twelve Normal Subjects with Zine 
Sulfate and Sodium Hydroxide As Protein-Precipitating Agents 


Non-precipitable 


Subject No. Total todine Precipitable iodine Precipitable iodine 


iodine 
y per 100 cc. > per 100 cc. y per 100 ce. per cent of lata! 
6.3 6.6 100 
2 5.9 6.0 100 
5 7.3 100 
4.9 2.0 100 
9.8 8.4 1.4 
6 0.6 2.0 100 
7 4.2 4.0 Q.2 95 
s ‘2 4.9 100 
y 9.8 S.4 1.4 S6 
10 6.3 9.6 0.7 SY 
1] 7.0 0.7 9] 
12 4.9 4.9 100 


with water, the protein coagulum retains some of the added inorganic 
iodine (potassium iodate). 

Table VII shows the total and precipitable iodine of twelve normal sub- 
jects when zincsulfate and sodium hydroxide were used as protein-precipi- 
tating agents. It is demonstrated that in normal human blood 86 to 100 
per cent of the total iodine is precipitable by these reagents. 


DISCUSSION 


The present experiments confirm the observation of Trevorrow (2) that 
the simple organic iodine compounds, namely thyroxine and diodotyvrosine, 
are precipitated with the blood proteins when zine sulfate and sodium hy- 
droxide are used as the precipitating agents; moreover, inorganic iodine 
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may be extracted from the protein coagulum by washing the mass with 
water. In addition, it has been demonstrated that the complex organic 
iodine compound thyroglobulin is also precipitated by the Somogyi rea- 
gents. This procedure serves, therefore, to differentiate between organic 
and inorganic iodine compounds as they are known to exist in the blood 
stream under normal or abnormal circumstances. From observations 
made on twelve normal subjects, further evidence is presented to indicate 
that less than 15 per cent of the total iodine in whole blood is present in 
inorganic form. 

For the sake of uniformity in the expression of various iodine compo- 
nents in the blood, Salter ((6) p. 75) has suggested an interesting program 
which should have universal appeal. He maintains that, first, iodine 
determinations should be carried out on plasma at least until it 1s proved 
that the iodine content of the red blood cells reflects precisely that of the 
plasma. According to some of the figures cited in his book, it would appear 
that the red cells are poorer in iodine than the plasma. Silver (4) has 
shown recently that practically all the normally circulating iodine is in the 
plasma and that the amount present in washed red cells is too low to be 
determined by present methods. It is obvious, therefore, that plasma is 
the medium of choice for blood iodine determinations. Although most of 
the present studies were carried out on whole blood, the results of the few 
recovery experiments in which serum was used as a substrate were not un- 
like those in which whole blood was utilized. 

The second point mentioned by Salter requires no comment. ‘The blood 
iodine should be separated into “I”? iodine (inorganic iodine) and “P” 
iodine (precipitable iodine; ¢.e., thyroxine, diiodotyrosine, and thyroglob- 
ulin). The precipitation of the blood or plasma proteins by zine sulfate 
and sodium hydroxide and washing the protein coagulum with water are 
a valid procedure for such differentiation. 

Salter suggests further that the “P” iodine be separated into a “T” 
(thyroxine-like) fraction and a “D” (diiodotyrosine-like) fraction according 
to the method described by Leland and Foster (11) for the determination 
of thyroxine in thyroid tissue. In order to avoid the loss of approximately 
20 per cent of the thyroxine by the prolonged alkaline hydrolysis called 
for by this method and since she assumed that thyroxine in blood, if pres- 
ent, was not in combination with protein, Trevorrow (2) eliminated this 
stage in the procedure and added blood or plasma directly to butyl alcohol. 
Bassett, Coons, and Salter (12) determined the ‘*T’’ and ‘“‘D” fractions of 
the ““P” iodine of plasma by digesting the proteins with commercial pepsin 
prior to extraction of the thyroxine in butyl! alcohol and the diiodotyrosine 
in 2 N sodium hydroxide. Adequate recoveries of added thyroxine to 
plasma by their respective procedures were reported by Trevorrow and by 
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Bassett, Coons, and Salter. In our hands, the Trevorrow modification of 
the Leland and Foster method has proved to be unsatisfactory for the re- 
covery of thyroxine and diiodotyrosine when added to whole blood; we 
have had no experience with the Bassett, Coons, and Salter procedure. 
Work along these lines is still being pursued. 


SUMMARY 


1. The recovery of added thyroxine, diiodotyrosine, and thyroglobulin 
from the protein coagulum of whole blood was inadequate when methyl 
alcohol, heat and acetie acid, or tungstic acid was used as the protein- 
precipitating agent. | 

2. When zine sulfate and sodium hydroxide were employed to precipi- 
tate the blood proteins, the protein mass retained 88 to 109 per cent of the 
added thyroxine, 89 to 107 per cent of the added thyroglobulin, and 89 to 
107 per cent of the added diiodotyrosine. Added inorganic iodine was re- 
moved from the protein coagulum by washing the mass with water. 

3. When zine sulfate and sodium hydroxide precipitation of the blood 
proteins was used to differentiate between the precipitable (organic) and 
non-precipitable (inorganic) iodine fractions in the blood of twelve normal 
subjects, less than 15 per cent of the total blood iodine was found to be 
present in the inorganic form. 

4. In many experiments in which whole blood was used as a substrate, 
the recovery of added thyroxine and diiodotyrosine by the Trevorrow modi- 
fication of the Leland and Foster method has been entirely unsatisfactory. 
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DETERMINATION OF TODIDES IN URINE 
By IRWIN A. PEARL* 
(Received for publication, January 29, 1943) 


In studying the elimination of iodine from the human system after ad- 
ministration of massive doses of inorganic iodides directly into the blood 
stream for urinary tract roentgenographic purposes we desired to find a 
rapid accurate macromethod for the estimation of iodides in urine. In a 
similar study with slightly smaller quantities of iodine Osborne (10) used 
the method of Ikwendall (7, 8) involving alkaline nitrate fusion, oxidation of 
the obtained iodide to iodate with sodium hypochlorite, addition of potas- 
sium iodide, and titration of the liberated iodine with thiosulfate. Ken- 
dall’s method gave good results, but the evaporation and fusion operations 
consumed too much time for routine analyses. 

A review of the literature indicated that a number of methods have been 
proposed for the estimation of iodides in urine. All of the proposed meth- 
ods involved the removal of interfering organic matter, oxidation of the 
inorganic iodine to iodate, and estimation of the iodate by one of several 
procedures. Among the methods reported for removal of organic matter in 
addition to the time-consuming ashing methods (2,3, 7-9, 11) are treatment 
with hot sulfuric acid an@d hydrogen peroxide (6), alkaline potassium per- 
manganate (5, 15), chromium trioxide, sulfurie acid, and ceric sulfate (13), 
and acid potassium permanganate (14). In the cases of the permanganate 
methods no further oxidation was necessary to transform the iodide to 
jodate. In the other cases either bromine water or hypochlorite was used 
to accomplish this oxidation. Very recently Alpert (1), instead of destroy- 
ing the organic matter, deproteinized the urine by the standard Somogyi 
(12) technique, oxidized the resulting urine with bromine water, and deter- 
mined the iodate by titration. Working independently, Flox, Pitesky, and 
Alving (4) deproteinized the urine with cadmium sulfate, oxidized the 
protein-free urine with bromine water, liberated the iodine with potassium 
iodide, but determined the iodine colorimetrically. 

Unfortunately, these semirapid methods were designed for minute quan- 
tities of iodine. When urine samples containing as much as 2 gm. of so- 
dium iodide are used, with aliquot portions containing the amount of iodine 
required for the microprocedures, the small inherent error of these determi- 
nations When multiplied by the aliquot factor became too great to disregard. 
Attempts to use these methods on a much larger scale failed to give satisfac- 
tory results. In addition the methods which were rapid on a micro scale 


* Present address, Institute of Paper Chemistry, Appleton, Wisconsin. 
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ceased to be rapid on a macro scale. Although many attempts were made 
to modify these methods for rapid macro use, no satisfactory modification 
was found. 

Further investigation, however, resulted in the following method for the 
quantitative determination of relatively large amounts of todine in urine, 
which was found by the author to be both rapid and reliable. The method 
is based upon the removal of objectionable matter in the urine by boiling 
with bromine water containing a substantial excess of bromine. Several 
hundred recovery experiments were made before and after the described 
method was adopted. All recovery experiments were made on accurately 
weighed samples of dry reagent grade potassium iodide dissolved in 25 ml. 
of urine. The samples varied in size from 0.01 to 0.2 gm. Consistent 
recoveries of between 99.9 and 100.1 per cent were obtained. 

Reagents— 

Saturated bromine water. 

Saturated phenol solution. 

Phosphoric acid solution prepared by diluting reagent grade 85 per cent 
phosphoric acid to 50 per cent with distilled water. 

Reagent grade bromine and potassium iodide. 

Decinormal sodium thiosulfate. 

Starch indicator. 


Procedure 


Measure the urine sample carefully and dilute to volume in a 250 or 500 
ml. volumetric flask, depending upon the size of the sample. Pipette a one- 
tenth aliquot into a 500 ml. Erlenmeyer flask, dilute to approximately 250 
ml. with saturated bromine water, and add from a dropping bottle 15 to 25 
drops of bromine. Heat the solution to boiling on the hot-plate, and boil 
until the liquid bromine has disappeared and the orange color has started to 
fade, but remove from the hot-plate before the solution has lost its vellow 
color. Cool to room temperature. Add a few drops of saturated phenol 
solution and shake well with arotary motion. The clear yellow color of the 
solution should change to a slightly perceptible white turbidity. To insure 
complete removal of bromine vapors, blow out the atmosphere above the 
solution with the breath. Add 10 ml. of 50 per cent phosphoric acid, 0.5 to 
1.5 gm. of potassium iodide, and titrate the liberated iodine with 0.1 N so- 
dium thiosulfate; using starch as an indicator. In solutions containing 
more than 0.1 gm. of original iodine a few drops of benzene should be added 
before the iodine is liberated with potassium iodide. The thin layer of 
benzene prevents loss due to volatilization of iodine during the titration. 
Each ml. of 0.1 N thiosulfate is equivalent to 0.002115 gm. of iodine. 

The sodium thiosulfate was standardized under conditions similar to 
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those which obtain in the determination by weighing accurately various 
size samples of dry reagent grade potassium iodide, diluting with distilled 
water, oxidizing with bromine water and bromine, and carrying through 
the determination in the manner described above. 


DISCUSSION 


Kendall (7) reported that when more than 10 to 12 mg. of iodine are 
present, bromine should not be used because the hydrobromie acid pro- 
duced during the oxidation of the iodine may reduce the iodic acid when the 
solution is boiled. This statement is true for the method of Kendall in 
which the bromine is removed by boiling. However, under the conditions 
of the procedure described in this paper, in which an excess of bromine is 
always present until the solution is cooled, no reduction of the iodie acid 
takes place. 

The point at which the boiling solution is removed from the hot-plate is 
of the utmost importance in the satisfactory use of this procedure. If the 
solution is cooled betore the dark orange color has disappeared, a heavy 
precipitate of tribromophenol will separate when the solution is treated 
with saturated phenol solution. If this precipitation takes place, no sharp 
end-point can be obtained in the subsequent thiosulfate titration. On the 
other hand, if the boiling solution is allowed to turn colorless, there is likeli- 
hood of some iodic acid being reduced by the hydrobromiec acid present in 
the solution, resulting in low recovery of iodine. The point at which the 
boiling solution should be removed from the hot-plate and cooled so that it 
will give the slightly perceptible white turbidity with phenol solution is 
asily ascertained after several trials. 

The amount of liquid bromine used in the procedure is dependent upon 
the amount of iodine, the size of the urine sample, and the age of the urine 
sample. In the reaction between sodium iodide and bromine 6 atoms of 
bromine are required for each atom of iodine. The size of the urine sample 
determines the amount of organic matter to be oxidized and, therefore, the 
amount of bromine required. It has been found that aged urine samples 
require more bromine to remove objectionable organic matter than do fresh 
ones. ‘The quantities of bromine specified in the procedure have been 
found adequate to remove objectionable organic matter and oxidize all 
iodine to iodate for relatively fresh urine samples of the sizes indicated. 

The amount of solid potassium iodide added to liberate iodine from the 
lodie acid solution is dependent only upon the amount of iodine in the 
original sample. In order to leave an excess after reaction with the iodic 
acid the amount of potassium iodide used should be roughly 8 times the 
weight of the iodine originally present. 

Kendall (7) observed that if more than 100 mg. of iodine are present 
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there is danger of loss of iodine by volatilization during the titration, As 
a satisfactory means of preventing this loss he proposed the addition of 
few ml. of benzene to the flask. Advantage has been taken of this preeau- 
tion in the deseribed procedure. 
SUMMARY 

A macromethod is described for the rapid determination of iodides in 
urine. It involves freeing from objectionable organic matter and oxidation 
of the iodide to 1odic acid by the action of bromine water and bromine. 


liberation of 1odine with potassium iodide, and titration of the iodine with 
sodium thiosulfate. The method has been found reliable over a wide 


range. 


The author ts indebted to Miss Meredyvthe Goldsmith for much assistance 
in carrying out the large number of recovery experiments. 


The work reported in this paper was performed in the laboratories of 


the Chemistry Department, University of Washington, Seattle. 
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CONSTITUTION OF THE POLYSACCHARIDE SYNTHESIZED 
BY THE ACTION OF CRYSTALLINE MUSCLE 
PHOSPHORYLASE 


By W.Z.HASSID, GERTY T. CORI, ano R.M. McCREADY* 


(From the Division of Plant Nutrition of the College of Agriculture, University of 
California, Berkeley, and the Department of Pharmacology, Washington University 
School of Medicine, St. Louis) 


| (Received for publication, January 25, 1943) 


Ievidence has been presented (for a review of this subject see Mever (1)) 
that natural starches can be separated into two fractions which differ not 
only in physical properties but also in chemical constitution. One frac- 
| tion, amvlose, is made up of long chains of glucopyranose units, while the 

other fraction, amylopectin, consists of relatively short, branched chains 
| composed of about 25 glucose units. Amylose is present in potato starch to 
| the extent of about 20 per cent (2). Animal glycogen was found to re- 
semble amvlopectin in having a branched structure. 

The properties of the polysaccharide obtained through the action of 


potato phosphorylase on glucose-1-phosphate cn vztro have been studied by 
| Hassid and MeCready (3) and by Haworth, Heath, and Peat (4). By H 
| means of the method of end-group determination, it was shown that the ] { 
| synthetic polysaccharide consists of long chains of glucopyranose units with a 
| little or no branching. It follows then, that svnthetic potato starch is a 
| similar in structure to the amylose fraction of natural starches, 4 


Hanes’ (5) findings that synthetic potato starch is poorly soluble in 
water, that it gives a more intense blue color with 1todine than does natural 
potato starch, and that it is completely converted to maltose by 8-amylase 
are further indications of similarity in structure to amvlose. In the case of 
natural starches and of glvcogen, degradation with B-amyvlase ceases when 
about 60 per cent of the polysaccharide has been converted to maltose. 
According to Hanes (6) 8-amvlose attacks the non-reducing ends of the 
polysaccharides, splitting off successive maltose fragments until it en- 
counters a modification in structure. Since it is known (7) that branching 
occurs in glveogen and starch on the 6th carbon atom of some of the glucose | 
units in the chains, these linkages are probably responsible for stopping the i 

hvdrolvsis. With long chain polysaccharides having a non-branched struc- 
ture and therefore no such linkages, the hvdrolvsis by 8-amvlase continues | 
until the whole molecule is degraded to maltose. 


* This work was supported by a grant from the Corn Industries Research Founda- 
tion to Washington University. 
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Bear and Cori (8) showed that the polysaccharide synthesized in vitro by 
heart or liver phosphorylase exhibits the properties of natural glycogen. It 
is soluble in water, gives a reddish brown color with iodine, does not retro- 
grade, and gives a diffuse x-ray pattern characteristic of amorphous mate- 
rial. The polysaccharide synthesized by muscle phosphorylase in vitro, 
however, produces a blue color with iodine, is almost insoluble in cold 
water, and retrogrades rapidly when hot solutions are cooled. Its x-ray 
pattern, like that of synthetic potato starch (9), was found to resemble 
closely that of natural potato starch. 

The purpose of the present investigation was to study the properties and 
molecular constitution of the synthetic muscle polysaccharide. ‘The syn- 
thesis was carried out with crystalline muscle phosphorylase (10). Potato 
phosphorylase has not yet been obtained pure; preparations made accord- 
ing to Hanes’ (5) method contain amylase. The “soluble starch” (15 per- 
cent of the total starch synthesized by potato phosphorylase) mentioned by 
Haworth et al. (4) may well be due to the activity of amylase. When the 
synthesis is carried out with crystalline muscle phosphorylase, no soluble 
polysaccharide fraction is obtained. 

It was found that the svnthetic_muscle polysaccharide closely resembles 
synthetic potato polysaccharide in its properties and’ molecular constitu- 
tion. It gives a more intense blue color with iodine than does natural 
starch and it is almost completely converted to maltose by 8-amylase. 
Neither synthetic polysaccharide has an activating effect on muscle phos- 
phorylase. Hydrolysis of the methylated polysaccharide gives 0.6 per 
cent of tetramethylglucose. This amount of end-group corresponds to a 
chain length of approximately 200 glucose units. Unlike glycogen or 
amylopectin the synthetic polysaccharide is made up of long, unbranched 
chains and resembles the amylose fraction of natural starch. 


EXPERIMENTAL 


Preparation of Polysaccharide—The substrate, glucose-1-phosphate, was 
prepared by the action of potato phosphorylase on starch and orthophos- 
phate and was isolated as the crystalline dipotassium salt. The polysac- 
charide was prepared in nine separate lots. The following describes the 
preparation of a typical lot: 6.8 gm. of dipotassium glucose-1-phosphate, 
0.08 gm. of glycogen, and 0.19 gm. of cysteine hydrochloride were dissolved 
in water and the pH adjusted to 6.5 with HCl. The volume was made up 
to 140 ec. before 6 ec. of crystalline muscle phosphorylase containing 0.018 
gm. of protein were added. The addition of glycogen is necessary for acti- 
vation of the enzyme. Before the addition of the enzyme a small aliquot 
was removed and analyzed for its glycogen content, a modified Pfliiger 
method being used with the precautions which are necessitated by the pres- 
ence of glucose-l-phosphate (11). Thus it was found that a total of 0.76 
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gm. of glycogen had been added in the nine preparations. After the mix- 
ture had been incubated for 18 hours at room temperature, the newly 
formed polysaccharide which had precipitated out spontaneously was sepa- 
rated by centrifugation and washed three times with large amounts of cold 
water. It was then dehydrated with alcohol and ether and dried at room 
temperature in a vacuum desiccator. The polysaccharide obtained in 
nine preparations was pooled; from phosphate analyses at the end of the 
incubation periods it was calculated that 15.2 gm. of starch had been 
formed. After the newly formed starch had been separated by centrifuga- 
tion at the end of the incubation period, the clear supernatant fluid gave a 
faint blue color reaction with iodine in six, and no color reaction in three of 
the preparations. In the latter cases an aliquot was analyzed for glycogen. 
It was found that on an average only 10 per cent of the added glycogen 
could be recovered in the supernatant fluid, indicating that the remainder 
had been adsorbed on the starch. On the basis of these experiments it was 
calculated that the ‘‘muscle starch” included 4.5 per cent of glycogen. The 
nitrogen content of the polvsaccharide was 0.27 per cent. Some of the cys- 
teine is oxidized to cystine during the incubation period. Cystine is poorly 
soluble in water, precipitates out, and so contributes to the apparent nitro- 
gen content of the polysaccharide. 

Properties—The polysaccharide was sparingly soluble in hot water and 
retrograded rapidly when the solution was cooled. It was soluble in warm 
0.75 N sodium hydroxide but retrograded again when the solution was 
neutralized. Specific rotation, [a]p = +150° (in 1 N sodium hydroxide, 
c= 1). The analogous value for synthetic potato starch was +170° (3). 

Determination of Intensity of Blue Color with Iodine—A 50 mg. sample 
of dry powdered synthetic muscle polysaccharide was introduced into a 
50 ec. volumetric flask and wetted with 1 ec. of ethanol and 5 ec. of water. 
The sample was dissolved by adding 1 cc. of 10 per cent sodium hydroxide 
and heating on a water bath until a clear solution formed. The flask was 
cooled and its contents diluted to the mark. 

A 5 ce. portion (equivalent to 5 mg.) of the alkaline starch solution was 
introduced into a 500 ce. volumetric flask, about 100 cc. of water were 
added, and the solution slightly acidified with 3 drops of 6 N hydrochloric 
acid. 5 ee. of a 0.2 per cent iodine solution in 2 per cent potassium iodide 
were added, and the contents well mixed and diluted to the mark. The 
intensity of the blue color was then estimated with a Klett-Summerson 
photoelectric colorimeter. The 20 mm. glass cell and red No. K-66 filter 
furnished with the instrument were used. The photocolorimeter was 
adjusted so that the blank, which had a light vellow color due to the iodine, 
gave a reading of 0. In Table I the intensity of the iodine color given by 
synthetic muscle starch is compared with that given by other starches. 

Hydrolysis with B-Amylase—A_ solution of the polysaccharide was 
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made by placing about 50 mg. in 50 cc. of water, heating on the steam 
bath, cooling, and then filtering. 10 ec. portions of the filtrate, to which 
2 cc. of acetate buffer of pH 4.7 were added, were treated with 20 mg. of 
the enzyme, and the volume diluted to 25 ec. The mixture was allowed 
to remain for 48 hours at 22° and the reducing value determined as maltose 
(12). The B-amylase was prepared by the method of Hanes and Cat- 
tle (13). The amount of starch originally present in the sample was found 
bv determining the glucose obtained when an aliquot was hydrolyzed with 
| x hydrochloric acid for an hour at 100°.) On this basis, it was estimated 
that the synthetic muscle polysaccharide was hydrolyzed by 3-amvlase to 
maltose to the extent of 97 per cent. See Table I. 

Activation of Muscle Phosphorylase by Different Polysaccharides—Samples 
of 24 mg. of the polvsaccharides were stirred into 10 ec. of cold water, the 
mixture was heated to 100° for 10 minutes, cooled to 25°, filtered, and the 


TABLE I 
Degree of B- Amylase Hydrolysis and Color Intensities with Iodine of Starch Fractions 


Sample 8-Amylase hydrolysis lodine color intensity 
per cen! 
Synthetic muscle starch 27s 
potato “ QS 305 
Amylose. 100 310 
Amyloamylose (Samec and Mayer)* 100 310 
Amylopectin. . 54 50 
krythroamylose (Samec and Mayer) * o4 5O 
Natural potato starch 64 100 


*Samec, M., and Mayer. A., Kolloidchem. Beihefte, 18, 273 (1921). 


glucose content of the filtrate was determined after acid hydrolysis. The 
following values were obtained: potato amylose (end-group content 0.3 per 
eent) 0.047 per cent, polysaccharide synthesized by potato phosphorylase 
0.085 per cent, polvsaccharide synthesized by muscle phosphorylase 0.013 
percent. The activating effect of these solutions on muscle phosphorylase 
was compared with that of liver glycogen solutions of known concentra- 
tions. The activating effect of 2 mg. per cent of glycogen could easily 
be detected. Amylose showed less than 10 per cent of the activating 
power of glycogen, which might have been due to a small admixture of 
amylopectin. The other two polysaccharides did not activate the enzyme. 
Green and Stumpf! showed that svnthetic potato starch does not acti- 
vate potato phosphorylase. 

Acetylation of Synthetic Polysaccharide — A sample ot synthetic muscle 


D. and Stumpf, &., Chem., 142, boo (1942). 
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polysaccharide was dried in vacuo at 80° and ground to a powder in a small 
Wilev mill. The finely ground material weighing 14 gm. was placed in a 
beaker, stirred with 30 ec. of ethanol, and then 400 ce. of 3 per cent sodium 
hydroxide were added. The mixture was heated on a steam bath with 
stirring until a clear solution was obtained. The solution was cooled, 
neutralized with dilute acetic acid, and the polysaccharide precipitated by 
the addition of an equal volume of alcohol. The precipitate was collected 
on a Buchner funnel, washed with alcohol, and the slightly moist polv- 
saccharide transterred to a flask and stirred mechanically with 200 ec. of 
pyridine, containing 2 ec. of water, for 24 hours. 200 ec. of acetic anhy- 
dride were then gradually introduced in the course of an hour. The mix- 
ture Was then stirred at room temperature for 12 hours and then at 60° 
for 6 more hours. ‘The viscous solution was diluted with 75 ee. of glacial 
acetic acid and slowly poured with stirring into an excess of cold water. 
The precipitate was washed until free of acid and dried in vacuo at 80°. A 
vield of 83 per cent of the theoretical was obtained. The acetylated 
synthetic muscle polvsaccharide did not produce a blue coloration with 
iodine and was soluble in chloroform and acetone. 


Specific Rotation —la\y = +168° (in chloroform, = 1) 
Anaiysis Caleulated. CH,CO 44.8 
ound. 44.5 


A sample of | gm. of the triacetate was deacetylated by exposing it to 
ce. of aleoholic potassium hydroxide at room temperature over- 
night. ‘The regenerated product was similar in its properties to the original 


svnthetic polysaccharide. It produced the same intensity of blue color 


when treated with todine and had the same specific rotation in | N sodium 
hvdroxide. Its solubility in water was also similar to that of the original 
polysaccharide, 

Methylation \ sample of 17 gm. of the acetvlated synthetic muscle 
polysaccharide was dissolved in 250 ce. of acetone and simultaneously 
deacetylated and methylated at 55° with 100 cc. of methyl sulfate and 300 ce. 
of 80 per cent sodium hydroxide. The reagents were added in ten equal 
portions at 10 minute intervals with vigorous stirring. Fight subsequent 
methyvlations were carried out by dissolving the partially methylated 
product in acetone and treating with methyl sulfate and sodium hydroxide 
as before. The methylated polysaccharide (9.8 gm., which corresponds 
toa vield of SI per cent of the theoretical) was then dissolved in chloroform, 
and the solution filtered, evaporated to a small volume, and reprecipitated 
by the addition of petroleum ether. The final produet was insoluble in 
both cold and hot water. 


Specific Rotation—\a\py = +210° (in chloroform, ¢ = 1) 
A nalysis (¢ ()¢ "Hs)3) Calculated. OCH, 45.6 
Found. 
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The specific viscosity, nsp., at 22° of a 0.4 per cent solution of the methyl- 
ated synthetic polysaccharide in m-cresol was 0.59. It seems best to 
refrain from a calculation of the apparent molecular weight according to 
Staudinger’s formula, since it is questionable whether or not the A, value 
(1.6 & 10°*) which is considered reliable for natural starches (14) can be 
used for an unbranched molecule. 

Hydrolysis of Methylated Synthetic Polysacchartde and Estimation of 
(Cleavage Products—A sample of 8 gm. of the methylated polvsaccharide 
was boiled for 8 hours with 300 cc. of methanol, containing 1.7 per cent of 
dry hvdrogen chloride, under a reflux condenser. This converts the 


TABLE II 
Hydrolysis Products of Methylated Synthetic Muscle Starch 


Index of 
Weight Constants® OCH, Tetra Tetra Tri 
D 
gm. _pber cent per cent gm. gm. per cent em 
I 0.804 1.4575 (a) 1.4437 53.3 0.072 0.822 
(b) 1.4587 
I] 1.241 1.4594 (a) 1.4441 52.5 1.241 
(b) 1.4595 
III 0.750 1.4596 (a) 1.4442 52.4 0.750 
(b) 1.4596 
lV 2.531 1.4596 (a) 1.4442 52.6 2.531 
(6) 1.4596 
V 1.249 1.4598 (a) 1.4443 52.6 1.249 
(h) 1.4595 
Vi 1.045 1.4614 51.6 0.951 %.0 0.994 
7.710 0.072 7.544 0.094 


* (a) and (b) are the np values of the tetra and the tri portions, respectively, 
present in these fractions, as estimated from rotational data. 


methylated sugars which are set free on hydrolysis to the methylglucosides, 
The solution was neutralized with lead carbonate, filtered, and evaporated 
to dryness. The residue was extracted with chloroform and after removal 
of the chloroform by evaporation, 8.31 gm. of material were obtained 
(90 per cent of theoretical vield). The methylglucosides were fractionally 
distilled from a flask fitted with a fractionating column at a temperature 
between 90° and 190° and 10-3 mm. pressure. The fractions shown in 
Table II were obtained. 

The criteria established by Hirst and Young (15) were employed to 
evaluate the amount of 2,3,4,6-tetramethvlmethylglucoside in the pres- 
ence of 2,3,6-trimethylmethylglucoside. This method consists of com- 
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paring the specific rotations and indices of refraction of fractions obtained 
by distillation with mixtures of known composition. In the course of 
glucoside formation a mixture of a and 6 forms, which differ in their indices 
of refraction, is usually obtained. If glucoside formation is arrested before 
equilibrium is reached, there may be present an excess of the 8 forms of the 
mixed glucosides, which have lower refractive indices than those of the 
corresponding a isomers. In such a case the use of the refractive index 
measurements alone would lead to an inaccurate estimate of the proportion 
of tetramethylglucose present in the mixture. This difficulty is overcome 
by measuring both the specific rotation and the refractive index. Hirst 
and Young constructed two curves for this purpose. The first curve is a 
straight line obtained by plotting the n}° against the [a], values of pure 
mixtures of tetramethyl-a-methylglucoside and tetramethyl-8-methyl- 
glucoside. ‘The second curve is a similar line obtained by plotting the 
/{a], values for pure mixtures of a- and 6-trimethylmethylglucosides. 
If the refractive index and the specific rotation of a mixture of tetramethyl- 
and trimethylmethylglucoside are known, their relative proportion can be 
estimated by reference to the two curves. By means of this procedure, 
it was found that Fraction I contained 0.072 gm. of tetramethylmethyl- 
glucoside. This amount of tetramethylmethylglucoside is equivalent (on 
the basis of 90 per cent recovery) to 0.076 gm. of tetramethylglucose. 

The synthetic polysaccharide was, however, contaminated with 4.5 per 
cent animal glycogen used in the synthesis for priming of the reaction. 
Methylated glycogen is known to yield on hydrolysis approximately 10 
per cent of tetramethylglucose. On this basis, when the 90 per cent re- 
covery is taken into account, 8 gm. of the methylated synthetic muscle 
polysaccharide contained 0.032 gm. of tetramethylglucose due to animal 
glycogen contamination. If this value is subtracted from the total 
0.076 gm., the tetramethylglucose obtained from the synthetic polysac- 
charide becomes 0.044 gm., or 0.6 per cent. This proportion of end-group 
corresponds to a chain length of approximately 200 glucose units. 

Fractions II, III, IV, and V contained only trimethylmethylglucoside. 
The methoxyl contents agreed well with the theoretical OCH; content of 
92.6 per cent. The identity of 2,3 ,6-trimethylmethylglucoside was con- 
firmed by isolation of crystalline 2,3 ,6-trimethylglucose from the hydroly- 
sis product of combined Fractions II to V. The index of refraction and 
the methoxyl content of 51.6 per cent of Fraction VI indicate that there 
isan amount of dimethylmethylglucoside present in the product of hydroly- 
sis of methylated muscle starch which is approximately equal to the tetra- 
methylmethylglucoside. Since methylated glycogen yields on hydrolysis 
about 15 per cent of dimethylglucose, it is estimated that roughly half 
of the methyl derivative obtained must be due to glycogen contamination. 
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SUMMARY 


The polysaccharide synthesized by the action of crystalline muscle phos- 
phorylase on glucose-1-phosphate is similar in properties to the polysae- 
charide synthesized by potato phosphorylase and to the amvlose fraction 
from potato starch. It is sparingly soluble in water and rapidly retrogrades 
from solution; it produces a more intense blue color with iodine than do 
natural starches and in contrast to the latter is almost completely hy- 
drolvzed to maltose when treated with B-amvlase. It does not activate 
muscle phosphorylase. 

Qn hvdrolvsis of the methylated svnthetic muscle polvsaccharide, 0.6 
per cent of tetramethyvigluicose (end-group) was obtained. ‘This propor- 
tion of end-group corresponds to a chain length of approximately 200 
glucose units. The main product of hydrolvsis was identified as 2,3 ,6-tri- 
methviglucose. A small amount of dimethvlglucose (less than | per cent) 
was also present. 

It is conchided that synthetic muscle polysaccharide is made up of long 
unbranched chains in which the glucopyranose units are joined by a 
glucosidie linkages between the Ist and 4th carbon atoms. 


The writers are grateful to Mr. W. Hl. Dore for his interest and sugges. 
tions during the course of this investigation. 
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EFFECT OF INSULIN ON PYRUVIC ACID FORMATION IN 
DEPANCREATIZED DOGS* 


By ERNEST BUEDING, JOSEPH F. FAZEKAS, HERMAN HERRLICH, anb 
HAROLD EF. HIMWICH 
(From the Medical Service of the Psychiatrie Division, Bellevue Hospital, the 
Departments of Medicine, Psychiatry, and Chemistry, New York University 
College of Medicine, New York, and the Department of Physiology 
and Pharmacology, Albany Medical College, Albany) 


‘Received for publication, December 28, 1942) 


In normal human subjects the administration of glucose produces an 
increase in blood pyruvie acid (1-3). In patients with diabetes mellitus 
the rise in blood pyruvate under the same conditions is either delayed and 
smaller or does not occur at all (2, 4). Insulin, administered to diabetic 
patients either simultaneously with glucose or several hours after glucose 
ingestion, produces a marked increase in blood pyruvate (2, 4). The pres- 
ent studies on the relation of insulin to the formation and disappearance of 
pyruvate were conducted on completely depancreatized dogs. With such 
a preparation the effeets of any residual functioning pancreas are elimi- 
nated. 


EXPERIMENTAL 


Depancreatized dogs were maintained in good condition on bovex, pan- 
ereatin, and insulin for several weeks before experimentation. Insulin was 
withheld tor 72 hours and food for 24 hours before each experiment. In 
order to avoid the increase in blood pyruvate caused by muscular contrac- 
tion the animals were given pentobarbital, 25 mg. per kilo, or less, 1 to 2 
hours betore the observations were begun. Blood samples were taken from 
the femoral artery. Blood glucose and pyruvate were determined by 
methods used in previous publications (1, 5). 

Pyruvie acid Wodak, ¢.p.) used in these experiments was 
redistilled three times immediately before injection, appropriately diluted 
with ice-cold water, and then neutralized at 2-4° with NaOH to pH 6.4. 


Results 


In normal dogs (fasted for 24 hours) the intravenous injection of 2 gm. 
per kilo of glucose was followed by a significant rise in blood pyruvate (Fig. 
1). The maximum rise usually occurred 30 to 45 minutes after the injec- 
tion and the increase averaged about 100 per cent over the fasting values. 

* Aided by grants from the John and Mary R. Markle Foundation and the Wil- 


hams-Waterman Fund of the Research Corporation. A preliminary report has been 
published GSevence, 95, 282 (1942)). 
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Blood pyruvate failed to increase after a similar injection of glucose into 
the depancreatized dogs in observations extended over a period of 5 hours 
(Fig. 2). If insulin (erystalline insulin, Eli Lilly) was administered to de- , 
pancreatized dogs 90 to 120 minutes after the glucose injection, a marked 


INUTES 


Fie. 1. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into normal dogs. The corresponding blood sugar values (in mg. per cent) 
were as follows: Curve 1, 100, 575, 450, 294, 199, 152, 120; Curve 2, 77, 473, 323, 222, 
136, 96, 69, 71; Curve 3, 78, 525, 409, 334, 246, 204, 97; Curve 4, 90, 440, 346, 257, 122, 
89, 88; Curve 5, 84, 612, 450, 296, 218, 169, 116. 


| 
| 

¥ 4 16 6] 
3: 
Fic. 2. Blood pyruvie acid after the intravenous injection of 2 gm. per kiloof | C€ 
glucose into depancreatized dogs. The corresponding blood sugar values (in mg. |} 3] 
per cent) were as follows: Curve 6, 258, 634, 388, 362, 314, 310, 322; Curve 7, 256, 498, 

455, 420, not determined, 350, 445, 404, 365; Curve 8, 300, 575, 475, 403, 348, 345,300. | d 
st 
elevation in blood pyruvate occurred which coincided with a drop in blood a| 
sugar (Fig. 3). a 
When insulin was given together with glucose to the same depancreatized 1. 
dogs, a rise in blood pyruvate was observed. This rise reached its maxi 9; 


mum from 1 to 3 hours after the first glucose injection. A second injection Vv: 
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nto of glucose alone 4 hours after the beginning of the experiment produced a ; 
urs second rise in blood pyruvate (Fig. 4). When the same experiment was vi 
de- | performed with the omission of insulin, no rise in blood pyruvate occurred. a 
xed Since with the hydrazone method a-ketoglutaric acid is determined as a 

well as pyruvic acid, an attempt was made to differentiate these two keto 4 

acids. It was found that in contrast to pyruvic acid (5) a-ketoglutaric acid : 

does not disappear when added to oxalated blood. Blood samples of four iy 
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| Fic. 3. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 4 

| glucose into depancreatized dogs followed by the intravenous administration of 4 


insulin 1 or 1} hours after the glucoseinjection. The dotted line represents the blood 
pyruvate values after insulin. The corresponding blood sugar values (in mg. per 
cent) were as follows: Curve 9, 285, 650, not determined, 635, 435, 460, 440, 325, 295, 
272; Curve 10, 371, 786, 620, 567, 500, 470, 367, 290, 287, 233, 235; Curve 11, 240, 680, 
610, 500, 455, 408, 395, 317, 287, 264, 178, 240; Curve 12, 380, 775, 662, 572, 515, 478, 438, 
386, 324, 296, 225, 228; Curve 13, 316, 825, 718, 688, 634, 528, 508, 358, 316, 269, 226, 202; 
loof | Curve 14, 376, 734, 657, 615, 538, 505, 435, 405, 363, 320, 281, 204, 180, 125; Curve 15, 
mg. | 312, 665, 624, 546, 429, 398, 340, 288, 263, 201, 160, 124, 120. 


498, 
0. | depancreatized dogs that had been injected with glucose were allowed to 4 
stand in 0.2 per cent oxalate for 30 minutes at room temperature before and q 
ood _ after insulin administration. The blood pyruvate before insulin injection 
| varied between 0.74 and 1.10 mg. per cent, and | hour after insulin between 
ized - 1.72 and 2.91 mg. per cent respectively. When the blood had stood in 
aXI- oxalate for 30 minutes at room temperature, the pyruvic acid content fell to 


tion values between 0.21 and 0.44 mg. per cent both in the samples before and 
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after insulin administration, indicating that insulin did not produce a rise 
in a-ketoglutaric acid. 
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Fic. 4. Blood pyruvie acid after the simultaneous intravenous Injeetion of 2 gm. 
of glucose per kilo and insulin (25 to 40 units) into depancreatized dogs followed by 
the intravenous injection of another 2 gm. per kilo of glucose. The dotted line 
represents the blood pyruvic acid values after the second glucose injection. The 
corresponding blood sugar values (in mg. per cent) were as follows: Curve 16 (with- 
out the second glucose injection), 337,725, 445, 279, 243, 121,117,128; Curve 17 (with. } 
out the second glucose injection), 413, S15, 627, 462, 304, 230, 208, 175; Curve IS, | 
267 . 568, 428. 327, 242, 214. 502, 386, 334; Curve 19, 340, 348, 348, 161, 165, 394, 311, 252; 
Curve 20, 310, 452, 289, 235, 242, 580, 384. 330; Curve 21, 372, 640, 565, 368, 215, 148, 


125, 395, 310, 262, 232. 


When the blood sugar of a depancreatized dog was raised to between 700 
and L000 mg. per cent by a continuous infusion (300 ml. of a 5 per cent solu- 


tion per hour after a preliminary injection of 3 gm. of glucose per kilo), an 
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Hours after Glucose injection 


Fic. 5. Blood pyruvie acid (left-hand seale) and glueose (right-hand seale) in 
mg. per cent, after the intravenous injection (2 gm. per kilo) followed by continuous 
infusion (300 ml. of a 5 per cent solution per hour) of glucose into depancreatized 


dogs. 


20 


Fic. 6. Blood pyruvate after the intravenous injection of sodium pyruvate (1 
gm. of pyruvic acid per kilo) into normal and into depancreatized dogs. 
curve represents the average of four experiments. 
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elevation in blood pyruvate occurred despite the absence of insulin. Under 
these conditions the blood pyruvate reached a constant level within 1 or 2 
hours. Insulin injected 5 hours after the start of the infusion produced a 
further rise in pyruvate together with a marked decrease in blood sugar 
(Fig. 5). 

The rise in blood pyruvate produced by insulin after glucose injection 
in depancreatized dogs may be attributed to either an increased formation 
or a decreased removal of pyruvate. Flock, Bollman, and Mann (6) have 
previously reported that the utilization of pyruvate is the same in normal 
and depancreatized animals. In agreement with these observations it was 
found that after the injection of 1 gm. of pyruvic acid (as Na pyruvate) per 


TABLE I 


Blood Pyruvic Acid and Blood Sugar of Trained Dog Following Injection of Glucose 
(2 Gm. per Kilo) before and after Pancreatectomy 


Before pancreatectomy After pancreatectomy, no anesthesia 
glucose No anesthesia Anesthesia No insulin 30 units insulin 
injection 
Glu- (slu- Pyruvik (slu- Pyruvic Glu- 


Pyruvic acid 


Pyruvic acid 
cose COse al id cose ack cose 


min me. per cent me. per cent me. per cent me. per cent 
Initial 1.38 101 0.86 100 1.08 350 0.99 301 
10 1.92 + 0.54 673 1.114 0.25 575 1.08 740 1.08 655 
20 2.32 + 0.94 428 1.82 + 0.96 450 1.01 625 
30 2.49 + 1.11 313 1.95 +1.09 2094 1.03 500 482 
45 2.66 +1.28 | 2.03 +1.17 199 1.00 1S3 
60 2.41+ 1.03, 103 | 1.95 +1.09) 152 1.08 1.92 351 
90) 1.92 + 0.54 S7 | 1.73 + 0.87 120 1.09 455 2.16 304 
120 1.10 420 1.95 283 


kilo there is no difference in its rate of disappearance from the blood in 
normal and in depancreatized animals (Fig. 6). In addition, in human 
subjects the rate of disappearance of pyruvate during insulin shock is the 
same as in the control experiment when pyruvate is injected into the same 
subject without insulin administration (3). 

A dog trained to remain under basal conditions during the whole exper 
mental period was used in order to determine whether pentobarbital anesthe- 
sia has an effect on the blood pyruvate level after glucose injection. The 
results obtained before and after pancreatectomy are similar to those ob- 
served on the animals anesthetized with pentobarbital (Table I). In addi- 
tion after glucose injection barbiturate anesthesia does not influence the 
rise in blood lactate in dogs (7) nor the increase of blood pyruvate in human 


ve 
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subjects.! It is, therefore, probable that nembutal anesthesia did not have 
any effect on the blood pyruvate levels reported in this paper. 


DISCUSSION 


An increase in blood pyruvate in vive can be produced (1) by supplying 
large amounts of glucose and (2) by insulin. If glucose is supplied in 
amounts sufficient to maintain the blood sugar of depancreatized dogs at 
levels between 750 and 1000 mg. per cent, a moderate increase in pyruvate 
takes place even in the absence of insulin. In addition the injection of 
glucose into depancreatized dogs that had previously (4 hours before) 
received insulin and glucose produces a rise in pyruvate even without fur- 
ther insulin injection. On the other hand insulin, without the administra- 
tion of glucose, produces no increase even in large doses in normal (8, 3) or 
diabetic subjects (2). Insulin, therefore, increases the blood pyruvate in 
the depancreatized animal or diabetic or normal (3) subjects only if large 
amounts of glucose are supplied. 

Since the rate of disappearance of injected pyruvate from the blood is 
the same whether insulin is absent or present in normal or excessive 
amounts, the increase in blood pyruvate produced by insulin cannot be due 
toa decreased pyruvate removal. It is, therefore, concluded that after the 
administration of glucose to depancreatized dogs insulin increases the for- 
mation of pyruvie acid. This effect is also indicated by the observation 
that under aerobic conditions insulin increases the phosphorylation of 
glucose in vitro (9); insulin acts on a stage of carbohydrate metabolism 
preceding the formation of pyruvic acid. 


SUMMARY 


1. In contrast to normal animals the injection of glucose (2 gm. per kilo) 
into depancreatized dogs does not produce a rise in blood pyruvate. 

2. If insulin is administered to depancreatized dogs together with or 
shortly after the injection of glucose, a marked rise in blood pyruvate takes 
place. 

3. A moderate increase in blood pyruvate occurs in depancreatized dogs 
despite the absence of insulin if excessively large amounts of glucose are 
injected. Under these conditions insulin produces a further rise in blood 
pyruvate. 

4. Since insulin does not decrease the removal of pyruvic acid in depan- 
creatized dogs, it is concluded that insulin increases the formation of pyruvic 
acid in vivo. 


' Unpublished observations. 
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THk ACID- AND BASE-BINDING CAPACITY OF HEAT- 
DENATURED COLLAGEN 
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University, Bethlehem) 
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When collagen strips are heated in the presence of moisture to tempera- 
tures greater than 60° (1), an irreversible shrinkage takes place. This 
shrinkage is said to be caused by the breakdown of the various cross chain 
linkages between the polypeptide chains, thus bringing about a general 
collapse of the chains upon themselves. 

The irreversible shrinkage of the collagen fiber may be caused by differ- 
ent agents, such as heat in the presence of water or by the action of various 
salts. ‘The shrinkage of collagen has been rather extensively studied by 
Wohlisch (2), Mever and Fern (3), Grassmann (4), Kuntzel (5), Bray- 
brooks ef al. (6), Chater (7), and Theis and Steinhardt (1). The shrinkage 
of collagen might be compared with that found by Gotschlich (8) and Jen- 
sen (9) for frog muscle and termed by them thermal rigor. The writers 
believe that the shrinkage of moist collagen can certainly be termed heat 
denaturation. Bull (10) in a recent dissertation suggests that protein 
denaturation consists of an over-all process of three reactions; (a) denatur- 
ation proper, apparently an intramolecular rearrangement whereby certain 
groups not detectable in the native protein appear so in the altered one; 
(b) flocculation preparatory to coagulation; and (¢) formation of an in- 
soluble coagulum. Bull points out that much confusion exists regarding 
the titration curves of heat-denatured proteins. Loughlin (11) claims that 
the titration curve for heat-denatured protein is identical with that for the 
native protein. Chow and Wu (12) maintain that a real difference exists. 
Michaelis and Davidsohn (13) indicate that the isoelectric point of de- 
natured protein is higher than that of the native protein. Bull postulates 
that this difference cannot be great and that the lack of difference argues 
against any great destruction of the zwitter ion strueture. He further 
indicates that heat denaturation causes a change in pH at certain pH 
values. Tlendrix and Wilson (14) claim a considerable decrease in both 
acid- and base-binding capacity of the coagulated protein as contrasted 
with the native protein. Cohn, MeMeekin, Edsall, and Blanchard (15) 
have suggested that the carboxyl and amino groups may come within the 
sphere of attraction of each other and thus reduce the zwitter ionic charac- 
ter. Jordan-Llovd and Shore (16) point out that the value of the tsoelec- 
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tric point of a protein depends not only upon the number but also upon the 
proximity and space arrangement of the charged groups. ‘Thus denatura- 
tion mav cause such a change in molecular configuration as to change the 
isoelectric point of the protein drastically. 

Mirsky and Pauling (17) point out that reagents which cause denatura- 
tion are all substances which affeet hydrogen bond formation. These 
reagents form hydrogen bonds with the protein side chains and thus pre- 
vent them from combining with each other and in that way altering the 
structure of the native protein. ‘These workers indicate that acids act by 
supplying protons individually to the electronegative atom which would 
otherwise share protons, and bases act by removing from the molecule the 
protons needed for hydrogen bond formation. Mirsky and Pauling then 
suggest that this conception provides the explanation of the fact that the 
isoelectric point of the protein shifts toward the neutral point on denatura- 
tion. Since in the native protein molecule some amino and carboxyl side 
chains are paired together by forming hydrogen bonds, the acid-base 
properties of the molecule are thus defined by the groups which are left 
free. Upon denaturation some of these paired groups are freed, amino and 
earboxyl groups in equal numbers, and as a consequence the isoelectric 
point of the denatured protein is shifted toward neutrality. 


EXPERIMENTAL 


Denaturation data covered in the literature are usually those for the 
soluble or globular proteins. It is therefore of real interest to determine 
the acid- and base-binding capacity of heat-denatured collagen. Strips 
of collagen prepared from goatskin were placed in distilled water, and the 
water slowly warmed to 70° (irreversible shrinking takes place at 60°). 
After 5 minutes at this temperature the strips were removed and the surface 
dried. Exactly 1 gm. of the denatured collagen was placed in 100 ml. 
of the proper acid or base solution made 0.1 N with respect to potassium 
chloride. The collagen-acid or collagen-base systems were allowed to 
attain equilibrium at 20°. The equilibrium period for those systems in the 
pH range 2 to 11.5 was 72 heurs. For the systems having a pH value of 
less than 2 and greater than 11.5, a 20 hour equilibrium period obtained. 
This shorter pericd was necessary to minimize hydrolvsis, as has been pre- 
viously shown (18). Similar experiments were made with untreated 
collagen. 

The pH at equilibrium was obtained through the use of a Beckman glass 
electrode assembly with the regular electrode in the pH range 1 to 9 and 
the special alkaline electrode at pH values greater than 9. The collagen 
strips were removed and pressed several times between porous filter paper 
at 8000 pounds per sq. in. This pressing was continued until no moisture 
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showed upon the filter paper. MeLaughlin and Adams (19) have shown in 
their published work and in personal communications that such pressing 
substantially removes all free water and all free electrolyte, leaving behind 
the bound water and bound acid, base, or salt. ‘Their work upon the fix- 
ation of chromium salts is not only of real interest but of fundamental 
importance for those interested in the estimation of acid or base fixation 
by fibrous proteins. After pressing, the collagen strips were allowed to 
air-dry and were then ground in a small Wilev mill to a 60 mesh powder. 
The methods (18) used for the analvsis of nitrogen, acid, or base have been 
fully deseribed previously. 


© DENATURED 


@ UNTREATED 


MIL UIEQUIVA CENTS OF ACID OR ALKAL! PER GM OF PROTEIN 


Fic. 1. The acid- and base-binding capacity of native and heat-denatured collagen 


Results 


Fig. | shows in graphical form the data taken. Curve A of Fig. 1 repre- 
sents the acid- or base-binding capacity of the native collagen, while 
Curve B represents that of the heat-denatured collagen. The trend of the 
two curves might be interpreted somewhat as follows: 

1. This particular native collagen showed an isoelectric point at pH 
6.3.) while the heat-denatured collagen showed an isoelectric point at pH 
7.0. This fact would substantiate Mirsky and Pauling’s (17) suggestion 
that the isoelectric point of the protein shifts toward neutrality upon de- 
naturation. It would also indicate that, upon. denaturation, the basic 


'Itis to be noted that this particular titration curve appears somewhat different, 
from that given earlier (18). The values in the pH range 5 to 9 vary with the prepa- 
ration of collagen. This particular collagen was prepared by subjecting the goatskin 
to an unhairing solution made up of hydrated calcium hydroxide and water. Such 
treatment alters the collagen and decreases the isoelectric point (20). 
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groups of the collagen appear stronger and seem to play a more predomi- 
nant role in the titration. ‘This shift in isoelectric point upon denaturation 
is very positive in nature, causing a displacement of the curve to the more 
alkaline region by some 1.2 units of pH at the isoelectric point. 

2. Curve A is the typical titration curve as shown in a previous work, 
showing 0.87 milliequivalent of acid bound per gm. of protein, a plateau 
in the pH range 7.0 to 9.5, and a maximum base-binding capacity of 0.38 
milhequivalent per gm. of protein. 

3. Curve B, representing the acid or base binding of heat-denatured 
collagen, shows practically the same maximum acid- or base-binding power 
as that shown by Curve A. However, Curve B indicates 2 difference in 
acid- or base-combining ability inthe pH range 4.5 to 10.0.) In this partie- 
ular zone, the denatured collagen shows increased avidity tor hydrochloric 
acid and a decreased base-binding power. These data lend support to the 
idea that heat denaturation gives some slight increase in strength to the 
titratable groups rather than in their number. It would further appear 
that the strength of the basic groups is materially increased, while that of 
the acid groups is decreased. 


DISCUSSION 


Contrary to the findings of Loughlin (11), the present writers find that 
the trend of the titration curve tor denatured collagen is quite different 
from that tor the native collagen. In agreement with the findings of 
Michaelis and Davidsohn (13) and AMlirsky and Pauling (17), the data show 
the isoelectric point of the denatured collagen to be higher than that ob- 
taining for the native collagen. Again, those data indicated approximately 
the same maximum acid- and base-binding capacities, contrary to the 
claims of Hendrix and Wilson (14) for coagulated egg albumin. 

Much contusion exists regarding the term denaturation, as pointed out 
by Wendall (21). Wendall questions the value of the usual definition as 
“any proteim which has had its solubility changed as a denatured protein,” 
The writers are aware that the present literature pertains mostly to the 
denaturation and coagulation of globular proteins and not to the fibrous 
ones. Many investigators have indicated that coagulation of a spherical 
protein tends to produce a crystalline structure. suggests that 
it would perhaps be desirable to use another term for the changes in myosin 
in the contraction of muscle, while Mirsky (22) believes the mention of the 
kind of denaturation would suffice. 

In the case of the supercontraction of collagen, undoubtedly we have a 
change in molecular configuration.  [t is extremely probable that during 
the collapse of the collagen structure upon itself there is a breakdown of 
the then existing structural cohesion torees with subsequent reforming 
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of other linkages. Since in the case of the present investigation the colla- 


gen was denatured in the isoelectric zone, a change in zwitter ion configura- 
tion might well have occurred. Such a change might very well be the 
conversion of certain electrovalent salt linkages to coordinate ones. Such 
a structural change might then indicate a change in the acid- or base- 
binding capacity of the denatured protein in the isoelectric zone but not in 
the strong acidic or basic region, since such a structural change is said to 
be reversible in nature. Such reasoning is in line with the expressed ideas 
of Cohn, MeATeekin, Fedsall, and Blanchard (15) and of Jordan-Llovd (16). 


SUMMARY 


Specially prepared collagen was denatured by allowing contraction to 
occur in the presence of moisture at 60°. The acid- and base-binding power 
of the heat-treated collagen was determined by methods previously de- 
scribed. 

It was tound that the heat-denatured collagen had approximately the 
same maximum acid- and base-binding capacity as that of the original 
native collagen. It was further found that the isoelectric point of the de- 
natured collagen had shifted to a more alkaline point, that more acid was 
fixed in the pl zone 4.5 to 7.5, and less base was fixed in the region pH 
7.5to 10.0. The data presented are in certain cases contrary to data found 
in the literature for denatured and coagulated globular proteins. The heat 
denaturing of collagen is compared with that taking place during the con- 
traction of muscle. 
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THE DETERMINATION OF VITAMIN Bs (PYRIDOXINE) IN 
FOODS 


By ALBERT F. BINA, JAMES M. THOMAS, ano ELMER B. BROWN 


(From the Anheuser-Busch Laboratories, St. Louis) 
(Received for publication, January 14, 1943) 


Chemical methods for the-determination of pyridoxine based upon the 
phenolic nature of the vitamin and also studies made upon the reactions of 
other portions of the molecule that give color reactions have been pub- 
lished. Seudi, Koones, and Ikeresztesy (1) used a modification of the 
Gibbs (2) phenol test and emploved 2 ,6-dichloroquinonechloroimide. This 
reagent in the presence of vitamin Bs and a veronal buffer produces a blue 
eolor which obeys Beer’s law. Bird, Vandenbelt, and Emmett (3) pub- 
lished a modification of this method introducing the use of Superfiltrol to 
adsorb the vitamin Bes (similar to the use of Clarite employed by Swami- 
nathan (4)). However, owing to some unknown interference, neither 
Seudi’s method nor its modification has yet proved generally applicable to 
food materials for the determination of vitamin Beg. 

Swaminathan developed a method for the determination of pyridoxine 
which he found generally applicable to biological materials. In this 
method, Swaminathan employed diazotized sulfanilie acid or the phenolic 
reagent to produce characteristic colors with vitamin Bs. These reagents 
are not specific for pyridoxine but depend upon the complete removal of 
interfering substances prior to treatment with this reagent. The values 
published by Swaminathan for various foods agree well with those obtained 
by a bioassay method developed by Waisman and Elvehjem (5). The 
chief drawback to Swaminathan’s method is the fact that it is quite complex 
and that the extracts require many manipulations and treatments involving 
large volumes of solutions before they are free of interfering substances and 
ready for colorimetric reading. 

The method described in this paper is designed to overcome many of the 
inherent difficulties existing in the present methods for the determination of 
vitamin Be. It considerably reduces the volumes of solutions used and 
manipulations emploved in freeing the extract of interfering substances as 
compared to Swaminathan’s procedure and gives a final extract in which 
the color complex formed is very stable. 

Reagents Required — 

1. Asolution of papain and taka-diastase in acetate buffer of pH 4.5 made 
up so that 5 ml. contain 0.2 gm. of each enzyme. This solution should be 
prepared just before use. 
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2. Acetate buffer. 54.4 ml. of glacial acetic acid and 111 gm. of hydrated 
sodium acetate crystals dissolved and diluted to 1000 ml. 

3. A solution of 25 per cent sodium tungstate. 

4. A solution of alkaline ethyl alcohol made by dissolving | gm. of sodium 
hydroxide in 200 ml. of redistilled ethyl! alcohol. The sodium hydroxide is 
added to the aleohol and heated slowly with stirring. After the alkali is 
dissolved, the solution is allowed to cool slowly to room temperature, made 
up to 200 ml. with ethyl alcohol, and filtered clear. Upon standing any 
length of time, this solution will become turbid and, therefore, should be 
used soon after it is prepared. 

5. A solution containing 12 ml. of glacial acetic acid, reagent grade, in 
100 ml. of water. 

6. A solution containing 50 gm. of hydrated sodium acetate ervstals in 
100 ml. of water. 

7. A solution containing 5.5 gm. of anhvdrous sodium earbonate in 100 
ml. of water. 

8. A solution containing 1.6 gm. of sulfanilie acid in 500 ml. of solution is 
made by dissolving 1.6 gm. of sulfanilic acid in 400 ml. of distilled water 
containing 45 ml. of concentrated hydrochloric acid and then diluting to 
500 mil. 

9. A solution containing 10 gm. of sodium nitrite in 100 ml. of water. 

10. Diazotized reagent. 2.5 ml. of the sulfanilic acid solution are 
pipetted into a brown 25 ml. glass-stoppered graduate and then placed in an 
ice bath. After 5 minutes, 0.4 ml. of a 10 per cent solution of sodium nitrite 
is added, mixed, and made up to 10 ml. with water. The solution is made 
fresh just before use and kept in the ice bath. 

11. A standard solution of pyridoxine containing 100 y per ml. This 
solution should be made slightly acid and stored in a brown glass flask. A 
daily working standard containing 10 y per ml. is prepared from this solu- 
tion. 

Reagent 9 should be made up tresh once a month. 

Reagents 8, 9, and 11 are stored in the tee box. 


Method 


A sample of material of from | to 5 gm. is weighed into a 125 ml. Erlen- 
mever flask and 70 ml. of 0.04. N H.SO, are added and mixed. The suspen- 
sion is autoclaved at 15 pounds pressure for 30 minutes, cooled, and a 
buffered solution containing 0.4 gm. of a mixture of equal parts of taka- 
diastase and papain added. The taka-diastase-papain solution is prepared 
by dissolving 0.2 gm. of each of the enzymes in 5 ml. of acetate buffer 
solution, pH] 4.5. The enzvme-treated extract is incubated at 40° for 2 
hours. then transferred to a 250 mil. centrifuge bottle, and centrifuged for 4 
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minutes. ‘lhe extract is decanted into a 125 ml. Erlenmeyer flask and the 
residue washed with 15 to 20 mil. of distilled water and again separated in 
the centrifuge. ‘The combined extract and washings are adjusted to a pH 
of 7 with concentrated sodium hydroxide, then diluted to LOO ml. — Aliquots 
of this extract are used for further treatment. 

An aliquot of this extract (usually 35 ml.) is measured into a 50 ml. glass- 
stoppered centrifuge tube and 2 ml. of 25 per cent sodium tungstate solution 
added, followed by 0.5 ml. of concentrated sulfuric acid. The contents are 
mixed by inverting the tube a few times and then let stand 5 minutes. 
After being centrifuged 2 to 3 minutes, the extract is decanted into another 
centrifuge tube and the precipitate is washed with 5 ml. of water, centri- 
fuged, and the washing added to the extract. A slight turbidity at this 
point can be disregarded. The extract is adjusted to approximately pH 3 
with saturated sodium hydroxide, by means of the glass electrode. If a 
precipitate forms, this should be centrifuged out. To this solution 0.5 gm. 
of Superfiltrol! is added and the mixture let stand for a period of 30 minutes. 
The tube is inverted at intervals to suspend the Superfiltrol, then centri- 
fuged, and the extract discarded. The Superfiltrol containing the vitamin 
By is now washed twice with 15 ml. portions of MelIlvaine’s buffer solution 
of pH 3 and the washings discarded. The last washing is carefully de- 
eanted so that the Superfiltrol contains the least possible amount of water. 

To the tube containing the Superfiltrol, 20 ml. of 0.5 per cent alkaline 
ethyl aleohol are added and shaken, and the tube is then placed in a water 
hath at 60-65 for 30 minutes. During this time the tube is whirled several 
times to disperse the Superfiltrol through the cluent. After cooling, the 
tube is centrtuged and the eluate is decanted off into a 50 ml. beaker and 
the Supertiltrol washed with 5 mil. more ot the alkaline alcohol solution, 
centrifuged, and the washings added to the beaker. The pH of the com- 
bined eluate in the beaker is now adjusted to exactly pll 7.3 with acetie acid 
solution, Reagent 5, by means of the glass electrode” After neutralization 
the solution ts diluted with redistilled alcohol to the desired volume and 
filtered clear through No. 202 Reeve Angel filter paper into a glass-stoppered 
bottle. 10 ml. portions of this solution, contaiming from 10 to 20° ¥ of 
vitamin Be, are used for the color determination, 

Color Determination with Diazotized Sulfanilic Acid —~Yo 10 ml. of the 
above solution, 4 ml. of sodium acetate solution, Reagent 6, are added and 
then 2 ml. of distilled water. ‘This is followed by 1 ml. of the diazotized 
reagent and 2 mi. of 5.5 per cent sodium carbonate, Reagent 7. The solu- 
tion is mixed gently after the addition of each reagent. 15 ml. of this 
solution are placed in the cuvette and the color read. 15 ml. of distilled 


‘Obtained from the Filtrol Corporation, Los Angeles. 
7A Beckman pH meter, laboratory model, was used with the external cleetrodes. 
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water are used to set the machine to zero extinction before the readings are 
made. Toa second 10 ml. portion of sample, 1 ml. of standard containing 
10 y of vitamin Beg is added, treated, and the color measured as with the first 
portion. <A blank is made by using 10 ml. of extract, 3 ml. of water, 4 ml, of 


TABLE I 
Vitamin Bz Content of Some Food Materials 


y per gm. 
Dried brewers’ type yeast, Sample l.............. 64.5 
Liquid yeast extract (sp. gr. 1.2)......... eats 138 (166 y per ml.) 
Rice bran concentrate (commercial sample)...... 
II 
Recovery of Added Vitamin Bg 
Material Found Recovery 
¥ per cent 
100 y crystalline pyridoxine hydrochloride. Ob) 96 
1 gm. brewers’ yeast + 100 y vitamin B, 170 97 
0.5 ml. rice bran concentrate + 100 y vitamin Be...... 177 YH 


sodium acetate solution, and 2 ml. of 5.5 per cent sodium carbonate sol- 


ution. 
A = extinction coefficient of 10 ml. of extract + 2 ml. of water + 4 ml. of 
sodium acetate + lml. of diazotized sulfanilie acid + 2 ml. of sodium 
carbonate 


BR = extinction coefficient of 10 ml. of extract + 1 ml. of water + 1 ml. of 
standard solution containing 10 y of vitamin Bs + 4 ml. of sodium 
acetate + 1 ml. of diazotized sulfanilic acid + 2 ml. of sodium 
carbonate solution 

Blank (C) = extinction coefficient of 10 ml. of extract + 3 ml. of H.O + 4 ml. of 
sodium acetate solution + 2 ml. of sodium carbonate solution 
Then, A — B=extinction produced by 10 y of vitamin Be (D)) 
A — C=extinction produced by 10 ml. of extract (/) 
(10 * F£)/D=vitamin in 10 ml. of extract 


Vitamin Bs, in 10 ml. 


Gm. of material in 10 ml. of extract 


= micrograms per gm, of vitamin Bg 
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Although some of the materials tested yielded highly colored water ex- 
tracts, the final alcoholic solutions had extremely low blank values. The 
data are given in Tables I and II. 


SUMMARY 


The method we present for the determination of pyridoxine consists es- 
sentially in the extraction and hydrolysis of the vitamin material with 
dilute acid and enzymatie digestion, treatment with sodium tungstate to 
remove protein and interfering substances, adsorption of the pyridoxine on 
Superfiltrol at pH 3, selective elution of the vitamin with alkaline alcohol, 
conversion of the vitamin Beg into an azo dye with diazotized sulfanilie acid, 
and measurement of the color produced by means of the fluorophotometer. 
A Pfaltz and Bauer model A fluorophotometer, with a combination blue and 
yellow filter, was found suitable for this purpose; an iris diaphragm setting 
of approximately 20 was used. A blank determination is made by using 
an aliquot of the extract with all of the reagents except diazotized sulfa- 
nilic acid which is replaced by 1 ml. of distilled water. 

The method we use for the hydrolysis and extraction of the sample is 
considered sufficient to liberate any vitamin B, that might be bound in 
chemical combination, without destruction of the vitamin. Swaminathan 
employed only pepsin digestion, but for an extended period of 24 hours, for 
the liberation of the vitamin Bes in his method. We believe, however, the 
use of a mild hydrolysis followed by enzymatic digestion of the material is a 
better extraction procedure than either acid hydrolysis or enzymatic diges- 
tion used alone. Seudi (6) reported higher values for vitamin Be on rice 
bran extract after hydrolysis than were obtained by analysis on the original 
extract. He interpreted this to be due to a condensation product involving 
2 molecules of vitamin Be. | 

We have found alkaline aleohol to be an efficient solvent for the elution 
of vitamin Bs and more suitable for this purpose than any of the treatments 
heretofore described. By the use of this solvent in the elution step, treat- 
ment of the extract with barium hydroxide, silver nitrate, and sodium 
nitrite is not necessary. The high specificity of this solvent for pyridoxine 
extraction from the Superfiltrol is readily shown by making the elution with 
barium or sodium hydroxide and comparing the results obtained. In the 
first case, interfering substances are not eluted to produce interference in the 
color development, while if the elution is made with barium or sodium hy- 
droxide, with no other purification step, the color produced with the diazo- 
tized reagent will be an intense reddish brown instead of the characteristic 
yellow color obtained with pure pyridoxine. This shows that chromogens 
other than pyridoxine are adsorbed on the Superfiltrol and are eluted with 
the pyridoxine by the solvents employed in other methods. Recovery ex- 
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periments show that the pyridoxine is completely removed from the 
Superfiltrol by the alkaline alcohol. 

The color produced by the diazotized sulfanilic acid and vitamin Bg under 
the conditions of the procedure described is remarkably stable and differs in 
this respect from the color obtained by Swaminathan using the same reagent 
under the conditions of his procedure, who reported that the color produced 
begins to fade after 5 minutes. We find that the intensity of the color as 
developed by our procedure had diminished only 15 per cent after the 
material had stood 24 hours at normal conditions of hght and temperature, 
The color produced in Scudi’s method is also unstable and requires 20 
minutes to reach a maximum. ; 

The results obtained on materials tested by this method are in good agree- 
ment with those obtained by Swaminathan’s method and Elvehjem’s new 
bioassay method as reported by Waisman and Elvehjem (5). A direet 
comparison has not been made with Seudi’s (6) results but recently this 
author published a paper in which values for rice bran concentrate were 
given. He obtained an average value of about 130 y per gm. We find a 
value of 138 y per gm. on a commercial rice bran extract by our method 
(a value of 150 y per ml. was claimed on the label; we found 168 y per mil.), 
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THE ROLE OF MYOKINASE IN TRANSPHOSPHORYLATIONS* 


1. THE ENZYMATIC PHOSPHORYLATION OF HEXOSES BY ADENYL 
PYROPHOSPHATET 


By SIDNEY P. COLOWICK ann HERMAN M. KALCKAR 


(From the Department of Pharmacology, Washington University School of Medicine, 
St. Louis) 


(Received for publication, January 11, 1943) 


The enzyme which catalyzes the phosphorylation of glucose and fructose 
was deseribed in 1927 by Meverhof (1). He found that muscle extracts 
which split polysaccharides and hexose phosphates to lactic acid but were 
unable to ferment hexoses could be enabled to ferment glucose and fructose 
by addition of a protein fraction from bakers’ veast. The same protein 
fraction activated the aerobic oxidation of hexoses in the hemolvsate from 
red cells (2). The veast protein was named hexokinase to indicate that it 
initiates the metabolism of hexoses. 

The nature of the hexokinase reaction was revealed by studies of von 
Euler and Adler (3) and of Meverhot (4) in 1935. Von Euler and Adler 
observed that the crude hexose monophosphate dehydrogenase (Zwischen- 
ferment) obtained from veast by Warburg and Christian in 1933 (5) was 
able to oxidize not only hexose monophosphate but also unphosphorylated 
glucose and fructose, provided that adenosine triphosphate was added to 
the svstem. Von Euler and Adler showed that the action of adenosine 
triphosphate was due to an enzymatic transfer of the labile phosphate 
groups of this nucleotide to glucose or fructose, thus forming hexose mono- 
phosphate, the substrate to be oxidized. The veast enzyme catalyzing 
this phosphate transfer was called heterophosphatese. 

Meverhot (4) subsequently showed that the hexokinase, too, catalyzes a 
transter of phosphate from adenosine triphosphate to glucose. This ex- 
plains the action of hexokinase on the fermentation of monohexoses in 
muscle extracts, since small amounts of adenyl pyrophosphate are formed 
continuously as soon as the fermentation is started and the limiting factor 

*'This work was supported by a grant from the Rockefeller Foundation. 

+ Part of this paper has been presented at the Twenty-eighth meeting of the 
American Society of Biological Chemists at Chieago, 1941, and at the Symposium on 
Respiratory Iinzymes at the University of Wisconsin, September, 1941. (Cf. Cori, 
C. F., in Symposium on respiratory enzymes, Madison, 182, tables 4 and 5 (1941). 
Cf also Colowiek, S. P., and Kalekar, H. M., /. Biol. Chem., 187, 789 (1941)). 

From the thesis presented by one of the authors (S. P. C.) to the Board of Grad- 
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therefore is the phosphate-transferring enzyme (hexokinase, heterophos- 
phatese). The phosphate transfer was tentatively formulated as follows: 


(1) Adenosine triphosphate + 2 hexose — adenylic acid + 2 hexose monophosphate 


In the present paper a detailed study of the enzymatic transfer of phos- 
phate from adenyl pyrophosphate to hexose with respect to phosphate 
donor, phosphate acceptor, reaction products, and catalysts has been made. 
It was found that, in the presence of veast hexokinase, the pyrophosphate 
of adenosine triphosphate is degraded only one step according to the 
equation, 

(2) Adenosine triphosphate + hexose — adenosine diphosphate + hexose monophos- 

phate 
Apparently only the triphosphoryvlated adenosine acts as phosphate donor 
in this svstem. It was furthermore found that adenosine diphosphate can 
be made available for phosphorylation of hexoses if there is added to the 
hexokinase system an enzyme prepared from skeletal muscle. ‘This enzyme 
has been named myokinase because skeletal muscle has been found to be by 
far the best source. Some properties of this new enzyme will be described 
in the experimental section. 
Methods 


In the study of the reaction catalyzed by hexokinase, the acid-labile 
phosphate groups of adenosine di- and triphosphate were measured by 
analysis of trichloroacetic acid filtrates for inorganic phosphate (6) before 
and after an 11 minute hydrolvsis in 1.0 N H.SQO, at 100°. The disappear- 
ance of acid-labile P when glucose was omitted (due to hydrolysis of adenyl 
pyrophosphate to adenvlic acid and inorganic phosphate by the enzyme 
adenylpvrophosphatase) was insignificant during short periods of incu- 
bation. 

The hexokinase reaction can also be followed manometrically, since the 
transfer of 1 mole of P from adenosine triphosphate to glucose results in the 
liberation of 1 acid equivalent. This is due to the change from an alcohol- 
OH linkage (undissociable) in the glucose molecule to an acid-OH linkage 
(dissociable) in the adenosine diphosphate molecule. 


O O QO 
R—OH + R’—-O—P—O-—P—O—P—O- R—O-—P—O- + 
| | | | 
Glucose Adenosine triphosphate Glucose-6-phosphate 
) () 


R’—O—P—O—P—O- + 


()~ 


Adenosine diphosphate 
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Similarly, transphosphorylation from adenosine diphosphate to glucose also 
results in the liberation of 1 acid equivalent. 

The manometric experiments were carried out as follows: A Warburg 
phate (sodium salt, pH 7.5) and 0.2 ml. of 0.04 m NaHCQOs, and the main 
compartment of which contained 1.2 ml. of the enzyme solution, 0.02 m 
NaHCOs;, 0.02 m glucose, and 0.01 Mm MgCl, was filled with 5 per cent 
CO;-95 per cent N» (pH 7.5). After equilibration at 30° for 5 minutes, the 
stop-cocks were closed and the contents of the side arm and the main com- 
partment were mixed. The CO» evolved was a measure of the amount of P 
transferred from adenyl pyrophosphate to glucose. It should be pointed 
out that the COs evolved is equivalent to the P transferred only at a pH of 
7.5 or higher. At lower pH values, the newly formed acid group is only 
partially dissociated and consequently only a fraction of the calculated 
amount of (Os. is liberated. 

A third method of following the hexokinase reaction is based on the pH 
change which occurs when the reaction is carried out in weakly buffered 
solutions. ‘The pli was determined with a glass electrode at the beginning 
of the experiment and at various intervals after the addition of glucose. 
Although the pH changes cannot be interpreted quantitatively, the method 
isconvenient for the rapid determination of the relative activity of various 
enzyme preparations. 


Materials 


Hexokinase--Vhe method described by Meverhof (1) for the preparation 
of hexokinase from bakers’ veast was used. The Meverhof preparation 
was fractionated with ammonium sulfate and the fraction precipitating 
hetween 50 and 75 per cent saturation was dried in vacuo in the cold and 
stored in a desiccator. The dry powder may be kept for months without 
loss of hexokinase activity. 

Myokinase-— Rabbit skeletal muscle was cooled, ground, and extracted 
twice with 2 volumes of water. After centrifugation the muscle extract was 
acidified with 0.05 volume of 1.0 ~ hydrochloric acid and heated on a water 
bath to a temperature of 90°. After 1 to 2 minutes at this temperature the 
acid mixture was cooled rapidly and then neutralized to pH 6.5 with 2 N 
sodium hydroxide. A large precipitate was formed which was removed by 
filtration. ‘To the supernatant fluid, which contained about 0.1 per cent 
protein, was added ammonium sulfate to about 80 per cent of saturation 
and the precipitated protein was filtered off and dissolved in water (about 
100 ml. for 0.4 gm. of protein). 

Adenylic Acid Deaminase—This enzyme was prepared according to the 
directions of Schmidt (7). Rabbit musele was ground and washed repeat- 
edly with 0.85 per cent sodium chloride. The washed residue was then 
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shaken for several hours with 2 per cent sodium bicarbonate solution and 
filtered. This enzyme preparation still contained small amounts of mvoki- 
nase. In order to remove the remaining myokinase, 0.05 mM acetate buffer 
(pH 5.0) was added to the solution of deaminase until the pH was about 6. 
The resulting precipitate, which contained the deaminase, was washed 
repeatedly with 0.005 M acetate buffer, until the last trace of myokinase was 
removed and the precipitate was finally suspended in water. 

Substrates— Adenosine triphosphate was prepared from rabbit muscle by 
a modification of the method of Lohmann (8). The barium salt was eon- 
verted to the sodium salt by removing the barium with the stoichiometric 
amount of sulfuric acid and neutralizing with sodium hydroxide to pH 7.5. 
The ratio of acid-labile to acid-stable P was 1.9. Adenosine diphosphate 
was then prepared from adenosine triphosphate by the action of lobster 
muscle pyrophosphatase, as described by Lohmann (9) or by the action of 
hexokinase (see the experimental section). Adenvlic acid was prepared by 
alkaline hvdrolvsis of adenosine triphosphate according to the method of 
Lohmann (8). 


Results 


Reaction of Adenosine Triphosphate with Glucose-— The experiments repro- 
duced in Table I show that when adenosine triphosphate is incubated with 
veast hexokinase and glucose there is a rapid disappearance of about one- 
half of the acid-labile phosphate, after which no turther transfer of phos- 
phate to glucose takes place. In the absence of ghicose there is a slow 
hvdrolvtic disappearance of acid-labile phosphate, owing to the presence of 
small amounts of adenvipvrophosphatase. 

Similar results were obtained in manometric experiments. 
ment illustrated in Table I], the maximal amount of carbon dioxide evolved, 
when corrected for the carbon dioxide production in the absence of glucose, 
Was equivalent to about one-half of the labile P added as adenosine triphos- 


In the experi- 


phate. It can be seen that the amount of carbon dioxide evolved, as deter- 
mined manometrically, is in agreement with the amount of P transterred, as 
determined by chemical analvsis. 

Addition ot adenosine diphosphate to the svstem does not result in any 
phosphorvlation of hexose (cf. Table TIT). From these experiments it is 
clear, therefore, that in the hexokinase system triphosphorvlated adenosine 
is the phosphate donor, whereas diphosphorvlated adenosine Is inactive. 

The formation of adenosine diphosphate in the hexokinase reaction has 
been verified by tsolation: 100 ml. of a solution containing 0.008  aden- 
osine triphosphate, 0.080 Me glucose, 0.005 Mm MgCl, 20 mg. of hexokinase 
(dialyzed tree of ammonium sulfate), and 0.02 mM bicarbonate-CO. buffer of 
pH 7.5 was incubated at 30° tor 30 minutes, at which time the reaction 
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was complete. After treatment with trichloroacetic acid, the protein-free 
filtrate was made alkaline to pH 8 and an excess of barium acetate was 


TABLE I 
One-Step Reaction of Adenosine Triphosphate with Glucose 


1 wi. of reaction mixture contained 0.005 m MgCl,, 0.5 mg. of hexokinase powder, 
and other additions as indicated below. Temperature 30°. Initial pH 7.5. 


Additions Time Acid-labileP | P transferred 
| min. 
Adenosine triphosphate 0 64.0 
+ 2 mg. glucose .._ 5 35.0 26.1 
= + 2 mg. glucose... 15 33.9 23.1 


TABLE II 


Comparison of Chemical and Manometric Measurement of One-Slep Reaction of 
Adenosine Triphosphate with Glucose 


Incubation period 20 minutes. (CO, evolution was complete after 15 minutes.) 
The procedure is described in detail in the text. 


| Labile P added as adenv 


Glucose added transferred to glucose CO: evolved 
sine triphosphate 
micromoles micromoles micromoles micromoles 
13.4 0 0 
13.4 24 6.6 7.2 


6.2 24 2.8 3.6 


TABLE 


Vecessity of Myokinase for Reaction of Adenosine Diphosphate with Glucose 


The conditions were the same asin Table Ll. Incubation period 5 minutes. 


Additions Acid-labile P 
Y 
\denosine triphosphate. 
+ 2 mg. glucose 28.4 
+ LOy myokinase 7.3 
diphosphate 2.4 
+ 2 meg. glucose 62.9 
+ 10 y myokinase. 16.0 


added, thus precipitating the adenosine diphosphate and leaving the 
hexosM(-phosphate in solution. After centrifugation and washing with 
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water the precipitate was dissolved in nitric acid and the nucleotide 
precipitated with mercuric nitrate. The mercury salt was decomposed 
with H.S and, after aeration, the solution was neutralized and the nueleo. 
tide reprecipitated with barium acetate. The vield of dry barium salt 
was0.4gm. Pentose was determined according to the method of Mejbaum 
(10). Per mole of pentose there was found 0.90 mole of acid-labile P and 
0.91 mole of acid-stable P) 

The other reaction product, hexose monophosphate, has also been igo. 
lated, with glucose as phosphate acceptor. The barium salt of the hexose 
monophosphate contained 7.2 per cent organic P and the reducing power, 
measured with the Shaffer-Somogyi reagent (11), was 76 per cent of that 
given by an equivalent quantity of glucose. 32 per cent of the hexose was 
fructose, which was determined colorimetrically (12). These properties 
correspond to those of the equilibrium ester (13, 14). Glucose (a@- or B-) as 
well as fructose vields the same equilibrium ester. This is explained by the 
presence of Lohmann’s isomerase (15) in all the hexokinase preparations, 

It has been established that hexose-G-phosphate is the primary product of 
the reaction. A primary formation of glucose-l-phosphate (16) 1s excluded 
because the hexokinase preparation used in these experiments was free of 
phosphoglucomutase (17). In an experiment in which glucose-1-phosphate 
(containing 168 y of P) was added to veast hexokinase at 30° in the presence 
of glutathione and \IgCl, 167 y of easily hvdrolvzable P remained after 5 
minutes of incubation, indicating that no conversion of glucose-1-phosphate 
to 6-phosphate took place. ‘The same enzyme solution was able to form 32 
y of glucose-6-phosphate P from glucose and adenosine triphosphate under 
these conditions. 

Effect of Myokinase-— As stated previously adenosine diphosphate does 
not act directly as phosphate donor to hexose in the presence of hexokinase. 
However, it has been found that, when veast hexokinase is supplemented by 
small amounts of mvokinase, phosphorylation of hexose does take place 
with adenosine diphosphate as the sole phosphate source. leven crude 
preparations of myokinase are very active in a concentration as low as IO 
y of protein per ml. (See Table TIT.) Ineubation of adenosine diphos- 
phate and glucose with myokinase alone does not give rise to anv changes 


in the amount of pyrophosphate. The phosphorvlation of hexose by 


adenosine diphosphate can be followed manometrically or with the glass 
electrode. Fig. 1 shows the acidity changes of the two-step reaction of 
adenosine triphosphate with glucose. The aciditv change is the same 


Fig. 


whether mvokinase is added to the svstem from the start or after the first — 


step reaction Is completed. 

The reaction products in the second step reaction are adenyvlic acid and 
hexose-6-phosphate. Thus the phosphorvlation of hexose in the presence 
of myokinase is represented by the following equations: 
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Adenosine diphosphate + hexose — adenylic acid + hexose monophosphate 
Adenosine triphosphate + 2 hexose —+ adenylic acid + 2 hexose monophosphate 


These reactions are not measurably reversible. 

The phosphorylation of hexose by adenosine diphosphate is inhibited by 
one of the reaction products, adenylie acid; the other product, hexose 
monophosphate, does not exert any inhibition. Since the phosphorylation 
of hexose is irreversible, the adenyvlic acid inhibition is not due to a reaction 
in the reverse direction. The first step phosphorylation (phosphorylation 


Fig. 1. Acidity changes of two-step reaction of adenosine triphosphate with glucose, 


TABLE IV 


Relation between Adenylic Acid Inhibition and Myokinase Concentration 


Adenosine diphosphate -+ glucose + hexokinase + Mg**. Ineubation time 15 


minutes. Temperature 25 


Addition’ P transfer 
Myokinase, 36.3 
5 + adenylie acid, 407 P 15.7 57 
se 47.0 
" SO + adenylic acid, 407 P 14.7 5 


of hexose by adenosine triphosphate) is inhibited neither by adenvlie acid 
nor by adenosine diphosphate. This indicates that myvokinase, and not 
hexokinase, is the component which is inhibited by adenvlie acid. More- 
over, as shown in Table IV, the adenvlic acid inhibition is counteracted by 
the addition of an excess of myokinase. The specificity of the adenvlic 
acid appears from the fact that neither inosinie acid nor adenosine exerts 
any inhibition. The adenvlic acid inhibition explains, too, the phenome- 
non that the rate of phosphorylation of hexose with adenosine diphosphate 
lalls off rapidly, in particular when the myokinase concentrations are low. 
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This rapid decrease of the rate is due to accumulation of adenylic acid, be- 
cause if adenylic acid deaminase (free of myokinase) is added to the system, 
the rate of phosphate transfer does not begin to fall off until the concentra- 
tion of the phosphate donor becomes limiting (Table V). 

Distribution and Propertics of Myokinase-— The preparation of myokinase 
has been described in a previous section. “The richest sources of the enzyme 


TABLE V 
Effect of Myoki nase and Adenylic Acid Deaminase on Transphos phorylation of Hexose 
by Adenosine Diphosphat 
Adenosine diphosphate, 51 y of labile P per sample; glucose, 2 mg.; MgC l., 05 
mg.; glutathione, 2 mg.; hexokinase, 1004; myokinase, 104; deaminase, 3004; pH 
7.2; temperature, 30°. 


P transferred Per cent available P transferred 
Enzymes added to hexokinase 
min. 20 min min 20 min 
Deaminase. (0) () () 
Mvyokinase 12 2 37 
+ deaminase 2: 15 


TaBLe VI 
Rate of Inactivation of Myokinase in Acid at 100° 
A solution of 400 7 of myokinase protein in 2 ml. of 0.1 ~ HC] was heated at 100° 
and samples were withdrawn at the times indicated. After cooling and neutraliza- 
tion, aliquots corresponding to 27 of myokinase were treated with 2 mg. of gluta- 
thione and tested for activity inlml. of asolution containing adenosine triphosphate, 
glucose, MgCl., and hexokinase. Incubation time 5 minutes. 


Time of heating P transferred by 2 y myokinase Inactivation 
min per cenl 
() 11.4 
1) 9.0 2) 
30 1.7 ov 
60 () 


are rabbit and frog skeletal muscle. Beef muscle has been tound to contain 
much smaller amounts of myokinase. The vield from rabbit brain and 
heart muscle is only about 5 per cent of that from skeletal muscle. Liver, 
kidney, and the endocrine glands (pituitary, thyroid, pancreas, and adre- 
nals) are completely free of mvokinase. 

There is considerable evidence that myokinase, in spite of its high stabil- 
itv towards strong acids, is a protein. The molecular weight is high, since 
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mvokinase does not pass through a collodion membrane. Mvyokinase is 
precipitated by saturation with ammonium sulfate. It is furthermore pre- 
eipitated by trichloroacetic acid and, provided this precipitation is carried 
out in the cold, not destroved by this acid. Mvyokinase is digested by 
commercial pepsin, and the activity is completely abolished. The stability 
towards strong acid at 100° is illustrated in Table VT. 

Mvyokinase probably contains free --SH groups which are readily oxi- 
dized. If myokinase is treated with hydrogen peroxide (0.1 per cent) at 
pH 7 and 60°, the activity disappears completely but is fully restored by 
addition of evsteine or reduced glutathione (see Table VIT). 

The experiments illustrating the aetion of mvokinase on the hexokinase 
system leave the question open as to whether myokinase ‘‘activates”’ hexo- 
kinase or adenosine diphosphate. The fact that mvokinase is inhibited by 


Taste VII 
Reversthle Inactivation of Myokinase by Oxidation 


A solution of myokinase (pH 7) was heated for 4 minutes at 60° in the presence of 
(0.1 per cent H,O,. Aliquots were then tested for myokinase activity (a) directly, 
‘b) after treatment with 2 per cent glutathione at pH 7 for 5 minutes, and (c) after 
treatment with 0.1 per cent glutathione. The test system contained adenosine 
diphosphate, glucose, MgCl., and yeast hexokinase. Ineubation period 5 minutes. 


Sample No. Description Labile P 
No myokinase 29.7 
2 \Ivokinase 9.2 
oxidized | 28.2 
4 + 2% glutathione 9.3 
5 re “ + 0.1% glutathione 26.4 


adenvlic acid makes it probable that mvokinase is involved in anactivation 
of adenosine diphosphate. The nature of the action of myokinase onthe 
adenine nucleotides is deseribed in Paper TT (18). 


SUMMARY 
lL. Hexokinase from bakers’ veast catalyzes the one-step reaction, 


Adenosine triphosphate + hexose —> adenosine diphosphate + hexose monophosphate 


The enzyme svstem has been used for the preparation of adenosine diphos- 
phate from adenosine triphosphate. Glucose and fruetose are phosphory- 
lated equally well; the ester formed consists in both cases of two-thirds 
glucose-i-phosphate and one-third fruetose-G-phosphate, owing the 
presence of isomerase. ‘The sugars are phosphorylated in the 6 position. 
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2. The addition of myokinase, an enzyme obtained from muscle, to the 
hexokinase system results in the phosphorylation of hexoses by adenosine 
diphosphate. The combined enzyme systems are able to catalyze the two- 
step reaction, 


Adenosine triphosphate + 2 hexose -» adenylic acid + 2 hexose monophosphate 


3. Mvyokinase is a protein which possesses an unusually high stability to 
boiling with mineral acids as well as to precipitation with trichloroacetic 
acid. The enzyme is inactivated by oxidation with hydrogen peroxide: 
subsequent reduction with cysteine or glutathione restores the activity com- 
pletely. Myokinase is found in large amounts in skeletal muscle of rabbit 
and frog. It is present in traces in heart and brain but is absent in liver 
and kidney. 
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THE ROLE OF MYOKINASE IN TRANSPHOSPHORYLATIONS 


Il. THE ENZYMATIC ACTION OF MYOKINASE ON ADENINE 
NUCLEOTIDES 


By HERMAN M. KALCKAR 


(From the Department of Pharmacology, Washington University School of Medicine, 
St. Louis) 


(Received for publication, January 11, 1943) 


Adenyl pyrophosphate is an organic triphosphate which contains two 
acid-labile pyrophosphate bonds (Fiske and Subbarow (1), Lohmann (2, 
3)). The enzymatic hydrolysis of the two labile phosphate groups in aden- 
osine triphosphate takes place stepwise and in certain systems (lobster 
muscle, myosin) only the ‘‘terminal’’ phosphate is liberated as orthophos- 
phate, and the semiphosphorylated nucleotide, adenosine diphosphate, 
accumulates (3, 4). In Paper I (5), dealing with the phosphorylation of 
hexoses by adenosine triphosphate, it was shown that hexokinase from 
bakers’ yeast likewise catalyzes the transfer of only one labile phosphate 
group. ‘The transfer of the second labile phosphate was accomplished by 
the addition of the acid-stable protein, myokinase. It has also been re- 
ported (6) that in those dephosphorylating systems which split only one 
labile phosphate from adenosine triphosphate, addition of myokinase brings 
about the hydrolysis of the second labile phosphate group. Incubation of 
adenosine diphosphate with myokinase alone does not give rise to any 
change in the amount of acid-labile phosphate. There was, however, more 
reason to consider myokinase an activator of the substrate than of the 
enzyme, since the enzymes catalyzing transphosphorylation and dephos- 
phorylation are of very different nature, whereas the substrate, adenosine 
diphosphate, is common for the various enzymes. 

Dr. M. Johnson of the University of Wisconsin was the first to suggest 
(private communication) that myokinase might catalyze a reversible trans- 
fer of phosphate from 1 molecule of adenosine diphosphate to another, 
vielding adenosine monophosphate (adenylic acid) and adenosine triphos- 
phate according to the equation, 


2 adenosine diphosphate =— 1 adenylic acid + 1 adenosine triphosphate 


It is clear that such a reaction would not give rise to any change in the 
amount of acid-labile phosphate. The reaction products, adenylic acid 
and adenosine triphosphate, can, however, be detected and separated by 
fractionation of the barium salts at pH 8; at that pH the latter compound 
is precipitated, whereas the former is left in solution. 
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The data presented in this paper show that the suggested equilibrium 
actually occurs and is catalyzed by myokinase. The reaction might be 
designated as a “phosphate dismutation,”’ since adenosine diphosphate 
functions as phosphate donor as well as acceptor. 


Methods 


Determinations of inorganic, acid-labile, and total phosphate were made 
in the usual way (5). Pentose was determined according to the method of 
Mejbaum (7). A sample containing 10 to 30 y of pentose was boiled for 
15 minutes with a 1 per cent solution of orcinol in concentrated hyvdrochlo- 
rie acid, containing 0.1 per cent ferric chlonde. The green color was esti- 
mated in a Summerson colorimeter, with Filter 66, against a standard con- 
taining 25 y of pentose. Pentose determinations were usually carried out 
after barium fractionation of the adenosine nucleotides. Adenosine di- 
and triphosphates were precipitated at pH 8 with barium, leaving adenvylic 
acid in the supernatant fluid. When the precipitate of barium adenosine 
diphosphate was washed with water, a small amount went in solution. This 
amount, however, could easily be accounted for by estimation of acid-labile 
phosphorus in the barium supernatant. The corrected pentose value was 
thus total pentose in the barium supernatant minus the pentose correspond. 
ing to the amount of acid-labile P in the barium supernatant. 

Protein in the various enzvme fractions was estimated by the biuret color 
according to the method of Robinson and Hogden (8). 

Ammonia was estimated by the colorimetric method of Folin and Wu (9) 
with the Nessler reagent. In several cases the nesslerization could be ear- 
ried out directly in the trichloroacetic acid filtrate, but in some cases it was 
necessary to distil the ammonia with steam and determine the amount by 
titration or by nesslerization. 

Total nitrogen was determined as follows: A sample of adenylic acid 
corresponding to 0.1 to 0.2. mg. of N was ashed with sulfuric acid, a few mg. 
of glucose, and potassium persulfate; the ammonia formed was distilled 
with steam in the Parnas apparatus (10), collected in dilute hydrochloric 
acid, and determined by nesslerization. 


Substrates 


Adenosine triphosphate was isolated from rabbit muscle according to the 
method of Lohmann (2). It is important to remove even small impurities 
of adenosine diphosphate. This is done by repeated washings of barium 
adenyl pyrophosphate at pH 4. At this pH barium adenosine diphosphate 
is soluble, whereas the barium salt of adenosine friphosphate remains in the 
precipitate. The pure triphosphorvlated nucleotide has the following 
characteristics. (1) The ratio of labile P to total P is 0.67. (2) When 
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added to hexokinase trom bakefs’ veast in the presence of glucose, 50 per 
cent of the Inbile P disappears, because only the third phosphate is trans- 
ferred to glucose. “This hexokinase test, therefore, is strictly specifie for the 
“terminal” (third) phosphate of adenosine triphosphate and has been used 
in the present studies to detect formation of triphosphorylated adenosine. 
The test has furthermore been used to distinguish between the two labile 
phosphate groups of adenosine triphosphate in studies of intact organisms 
with isotopic phosphate.’ 

Adenosine /7phosphate is prepared from adenosine triphosphate by add- 
ing the latter substance to hexokinase from bakers’ veast in the presence of 
glucose. Hlexose monophosphate and traces of adenylic acid can be re- 
moved by repeated washings of barium adenosine diphosphate with water. 
The pure dzphosphorylated nucleotide has the following characteristics. 
(1) The ratio of labile P to total P is 0.50. (2) When added to hexokinase 
from bakers’ veast in the presence of glucose, no labile P disappears. 

Adenosine monophosphate (myoadenvlic acid (11), adenosine-5-phos- 
phate (12)) was prepared from barium adeny! pyrophosphate either by alka- 
line hydrolysis according to Lohmann (2) or by enzymatic hydrolysis with 
a strong adenyvipyrophosphatase obtained from aqueous extracts of 
potato.” Adenvylie acid was crystallized as the free acid according to Eoh- 
mann. The adenvlie acid is distinguished trom the adenyl pyvrophosphates 
not only by chemical means but also by the following enzymatic tests: (1) 
Schmidt's muscle deaminase (13) which, when freed from myokinase, splits 
ammonia only trom adenvihic acid; (2) the crvstalline muscle phosphorylase 
of Green, Cort, and Cort (14), the activity of which is increased by extremely 
small amounts of muscle adenvlic acid; (3) the 5-nucleotidase, a specific 
phosphatase deseribed by Reis (15). 


Enzyme Preparations 


Yeast hevokinase (ef. (5)) was prepared from bakers’ veast according to 
the method of Meverhot (16) and the precipitate either frozen and dried or 
redissolved and precipitated with ammonium sulfate. The protein concen- 
tration usually emploved was between 50 and 100 y per ml. 

Adenylre arid deaminase (cf. (5)) was prepared according to the teeh- 
nique of Sehmidt (13). The preparation so obtained was acidified to pH 5 
with 0.05 M acetate buffer; by this procedure the deaminase is precipitated. 
The deaminase is freed from traces of mvokinase by numerous washings of 
the acetate precipitate with 0.01 mM acetate buffer (pH 5). The activity of 
the deaminase, however, is decreased considerably by the washing proce- 


' Boyle, J., Walekar, WH. M., and Mehler, A., unpublished experiments. 
* Berger, L., Colowick, S. P., and Stein, M., unpublished observations. WKalckar, 
H. M.. unpublished experiments. 
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dure. The washed precipitate is finally suspended in veronal buffer at 
pH 7.2. 

Myokinase. Activity Determination—The purity of myokinase is usually 
determined by the hexokinase test; adenosine d7phosphate, magnesium 
chloride, hexokinase, and glucose are added to all samples. \[vokinase (in 
amounts of from 1 to 10 y of protein per ml.), after a preliminary incubation 
with glutathione, is added as the last component. After a 5 minute incuba- 
tion the samples are fixed and the disappearance of acid-labile P is deter- 
mined. The most purified mvokinase (Fraction 3) catalyzes the transfer of 
15 to 25 y of P per y of myokinase in 5 minutes at 30°; 7.¢., 3 to 5 y of P per 
minute (see Table I). The rate obtained from 2 minute incubation was as 
high as 8 y of P per minute per y of mvokinase per ml. ‘The hexokinase test 


TABLE | 
Purification of Myokinase 

The system for measuring myokinase activity contained adenosine diphosphate, 
200 y of labile P; magnesium chloride, 0.5 mg.; hexokinase, 150 y of protein; glucose, 
5 mg.; as the last component, 10 y of the myokinase sample containing 2 mg. of 
reduced glutathione (pH 7.5). The control contained 2 mg. of reduced glutathione 
but no myokinase. VolumeO0Q.5ml. Aftera 5 minute incubation at 30°, the reaction 
was stopped by addition of 10 per cent trichloroacetic acid, and the amount of acid- 
labile phosphorus was determined. The decrease in labile phosphorus, as compared 
with the control, was the amount of phosphorus transferred to glucose. 


Relative activity. P transferred per 


Myokinase fraction No. microgram of protein in 5 min. at 30° 
Y 
Original acidified extract | * 
Sa 9.0 


is suitable for comparison of the activities of various mvokinase fractions 
(see Table I). Moreover, it gives an approximate measure of the rate of the 
reaction actually catalyzed by myokinase. As illustrated in Table TI, 
when myokinase alone was added to adenosine diphosphate, 1 y of myvoki- 
nase per ml. catalyzed the transfer of 24 y of P in 5 minutes at 30°, or ap- 
proximately 5 y of P per minute. This is approximately one-third of the 
amount transferred when equilibrium is reached (cf. Fig. 1). Since the 
reaction is not of zero order throughout the 5 minute period, the above 
value for the rate of phosphate dismutation is a minimum estimate. 

The approximate correspondence between the rate of phosphate transfer 
determined by this direct method and that found by the hexokinase test on 
the same sample of myokinase indicates that the limiting factor in the latter 
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test is probably the rate of the phosphate dismutation rather than the 
phosphorylation of hexose by adenosine triphosphate. 
The pH optimum of myokinase is about 7.5. Myokinase is active with- 
out addition of magnesium salts. However, addition of magnesium always 
increases the activity 30 to 50 per cent, a finding which might indicate that 
the enzyme contains some bound magnesium. 
Purification of Myokinase—Rabbit muscle is extracted twice with 2 vol- | 
umes of cold water. The extract is acidified at room temperature with 0.05 
TaBLe II 
Conversion of Adenosine Diphosphate with Myokinase As Sole Catalyst 


Adenosine diphosphate, 1500 y of magnesium chloride, 0.2 mg.; 
myokinase, second trichloroacetic acid precipitate (Fraction 3), 1 y per ml.; gluta- 
thione, 2 mg. (the latter added to the control); incubation 5 minutes at 30°; at that 
time the substrate was precipitated by barium acetate. 


pentose ; 


Barium supernatant 


Difference Per cent labile 


Pentose P transferred 
Pentose Phosphorus 
Y Y | 
Control 174 
Myokinase, 1 y per ml.. 295 | +121 +24 - 8 
e ATP oJ ADP M+ ORIN AGS? 
2ADP-»ATP+AMP Saag MYOKINASE An 
— 
| A 
Fic. 


volume of 1.0 N hydrochloric acid (thus destroving adenylpyvrophosphatase ) 
and after neutralization the original mvokinase activity is determined (see 
Table 1). 

The first purification step consists In heating the acidified musele ex- 
tract, cooling, neutralizing, filtering, and precipitating with ammonium 
sulfate as described in the preceding paper (5). The heating procedure 


results in a 4-fold increase in activity (see Table 1). 
The second step consists in the adsorption of inactive proteins on alumi- 
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num hydroxide. To the solution of the ammonium sulfate precipitate is 
added 1/6 to 1/7 volume of aluminum hydroxide suspension (Willstiitter’s 
Cy) (17) and the mixture is allowed to stand about | hour at room tempera- 
ture and then centrifuged; the myokinase remains in the supernatant fluid 
(Fraction 2). This step achieves almost a doubling of the activity per 
of protein. About 40 per cent of the protein is recovered. 

The third step involves fractionation with trichloroacetic acid. To 10 ml. 
of Fraction 2 is added dropwise 0.25 mi. of 10 per cent trichloroacetic acid 
and the precipitate formed is discarded. To the supernatant fluid is added 
an additional 0.5 mil. of trichloroacetic acid. “Vhis precipitate, which con- 
tains most of the myokinase, is suspended in water and neutralized to pH 6 
to bring most of the protein back into solution. ‘The solution is finally 
dialyzed against 2 per cent ammonitum sulfate (Fraction 3). All the steps, 
including the centrifugations, must be performed at low temperature. The 
trichloroacetic acid precipitation brings about another doubling of the ae- 
tivitv. About 30 per cent of the protein is recovered. 

All three purification steps bring about a 14-fold purification (see Table 


enzymatic Action of NM yokinase 


Knzymatic Formation of Ammonia from Adenosine Diphosphate in Pres- 
ence of Deaminase and Miuokinase  Indieation that myokinase converts 
adenosine diphosphate to a different nucleotide is found in the liberation of 
ammonia from adenosine diphosphate in the presence of mvyokinase and 
deaminase. 

Adenvlie acid deaminase, when treed of myokinase, splits ammonia only 
from adenvlic acid but not from adenosine di- or triphosphate. The only 
other nucleotide which is known to be deaminated by adenvlie acid deami- 
nase is the diadenosine tetraphosphate of Iiessling and Meverhof (18): 
this compound tis a dinuclere acid of adenvlic acid and adenosine triphos- 
phate. 

The requirement of myvokinause tor the enzymatic deamination of adeno- 
xine diphosphate ts illustrated in Table TIT. 

No ammonia is formed with nivokinase or with deaminase separately 
added to adenosine diphosphate but, with both enzymes added, a large 
amount of ammonia is formed. Further intormation is obtained by separa- 
tion of the nucleotides as barium: salts, since adenvlic and inosinic acids 
have water-soluble barium: salts, whereas adenosine tri- and diphosphate 
have water-insoluble barium salts. The formation of a water-soluble 
barium nucleotide from a water-insoluble one can be tollowed conveniently 
by pentose determinations. By means of barium fractionation, with subse- 
quent pentose estimations, it is seen that myokinase forms trom adenosine 


1), 
7 | 
i 
| 
| 
| 
| \ 
| 


H. M. KALCKAR 133 


diphosphate a nucleotide which has a water-soluble barium salt. Table 
III summarizes the changes in pentose in the barium supernatant, and the 
amount of ammonia formed when adenosine diphosphate is incubated with 
mvyokinase or deaminase or with both enzymes. 

Formation of Adenosine Triphosphate from Diphosphate—If mvyokinase 
converts adenosine diphosphate into adenvlic acid (or mnosinie acid) and 
adenosine triphosphate, it should be possible to demonstrate formation of 
adenosine triphosphate in the barium) precipitate. This is pessible by 
means of the hexokinase reaction. The barium precipitate is converted to 
the sodium salt, and the solution is incubated with hexokimase in the ab- 
sence and in the presenee of glicose. Since adenosine diphesphate is not 
utilized by glucose, whereas adenosine triphospHate ts utilized (5), the labile 
phosphate fraction decreases when the latter nucleotide is present. The 
difference between the smount of labile phosphate (P,, — Po) in the absence 


TABLE [Il 
Formation of Ammonia and of Adenine Nucleotide with Water-Soluble Barium Salt 
from Adenosine Diphosphate Incubated with Myokinase and Deaminase 
Adenosine diphosphate, 300 y of labile P; mvokinase, 10 4 of protein per ml.; 
incubation, 30 minutes; temperature, 30°. 


knzvmes added Ammonia ppt., decrease 
; increase in 
in pentose : 
phosphorus 
micromoles V micromoles micromoles 
Deaminase. () 
Myokinase — 1.33 41.64 
Deaminase + myokinase 2.75 +2.65 


and in the presence of glucose is a measure of the amount of triphosphorvl- 
ated adenine. 

Kquimolar Formation of Adenosine Tri- and Monophosphate—Vable IV 
lustrates a tvpieal balance experiment in which the increase in pentose in 
barium supernatant corresponds with the decrease of pentose in the barium 
precipitate. 

The equimolar formation of adenosine tri- and monophosphate from aden- 
osine diphosphate in the presence of myokinase is illustrated in Table V. 
Adenosine triphosphate was estimated in the barium precipitate by the 
hexokinase test and the “triphosphorus”’ found expressed as micromoles in 
order to compare it with the pentose values found in the bartum superna- 
tant representing adenvhe acid. It appears from Table TV that in the 
presence of | y of myokinase per ml. the phosphate dismutation is still a 
very rapid reaction which is completed within 2 minutes. With this ex- 
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tremely pure sample of adenosine diphosphate*® about two-thirds of the 
nucleotide is transformed into the two other nucleotides. 

In order to ascertain that muscle adenvlic acid is formed in the mvokinase 
reaction, an isolation and identification was undertaken Gi the water- 
soluble barium nucleotide formed when adenosine diphosphate is incubated 
with myokinase. 


TABLE IV 
Incubation of Adenosine Diphosphate with Myokinase. Equimolar Increase of 
Nucleotide in Barium Supernatant and Decrease of Nucleotide in Barium 
Precipitate 
Adenosine diphosphate, 907 of labile P or 450 y of pentose; magnesium chloride, 
0.5 mg.; myokinase, 10 y of Fraction 2 + 2 mg. of reduced glutathione (pH 7.5): 
control, 2 mg. of glutathione; volume, 0.6 ml. After a 10 minute incubation at 30°, 
the reaction is stopped by precipitation of adenosine diphosphate with barium at 
pHs. Myokinase is now added to the control. 


Barium ppt. Barium supernatant 
Pentose Decrease in pentose Pentose Increase in pentose 
Control 390 46 
Mvyokinase 240 — 150 210 


TABLE V 
Incubation of Adenosine Diphosphate with Myokinase. Formation of Equimolar 
Amounts of Adenylic Acid and of Adenosine Triphosphate 
Adenosine diphosphate, 200 y of labile P or L000 y of pentose; magnesium chloride, 
0.5 mg.; myokinase, 10 y (Fraction 2) + 2 mg. of glutathione; control, 2 mg. of gluta- 
thione; volume, 0.8 ml. 


Barium 


Barium supernatant 
| adenosine triphosphate sche 


adenylic acid formed 


Incubation (hexokinase test’ 
Phosphorus Pentose Ditference corrected 
min, micromoles | micromoles 
Control.... 10 | 0.4 0.01 120 | 
Myokinase 2 36.0 1.16 270 «6©| +176 1.13 


Adenosine diphosphate corresponding to 200 mg. as barium salt was incu- 
bated for 30 minutes in the absence (Sample 1) and in the presence of myo- 
kinase, 20 mg. of protein (Sample 2). After the incubation, barium acetate 
was added in order to precipitate adenosine di- and triphosphate, and myo- 


3The hexokinase test showed no impurities of adenosine triphosphate. The 
phosphorylase test showed less than 2 per cent adenylic acid. 
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kinase was added to the control sample. To the barium supernatant was 
added an equal volume of alcohol. The aleohol addition resulted in a pre- 
cipitate in Sample 2, whereas Sample | did not give any precipitate. The 
precipitate in Sample 2 was washed with 50 per cent alcohol and dissolved 
inasmall volume of water. The nucleotide was then precipitated at slight 
Congo red acid reaction with mercuric nitrate (20 per cent in 0.1 N HNQOs). 
The mercury precipitate was washed in a large volume of water, suspended 
ina small volume of water, and decomposed with HS gas. The filtrate 


TABLE VI 
Analysis of Nucleotide 


Phosphorus Total N (micro-Kjeldahl) Pentose 
per ml, > perml. perml., 
Inorganic 356 (Caleulated from P 820 (Calculated from P 
Acid-labile (10° Min. 11 380 y per ml.) 820 y per ml.) 
hydrolysis ) 
Total 170 


TABLE VII 
Formation of Adenosine Diphosphate from Adenosine Triphosphate and Adenylic Acid 
in Presence of Myokinase 
Adenosine triphosphate, 5807 of pentose; adenylie acid, 580 y of pentose; magne- 
sium chloride, 0.5 mg.; myokinase (Fraction 2), 10 y containing 2 mg. of gluta- 
thione; control, glutathione, 2 mg.; incubation, 15 minutes at 30°; reaction stopped 
with barium acetate; volume, 0.7 ml. 


Barium ppt., disappearance of Barium supernatant, 
adenosine triphosphate ‘hexokinase test) disappearance of adeny!ic acid 
P? (termina! P) Ditterence, P Pentose Ditference, pentose 
+ micromole ¥ micromole 
Control 46 575 
Mvyokinase HS 0.9] 420 0.98 


and the washings were aerated and the nucleotide crystallized at 0° by 
addition of an equal volume of alcohol. A solution of this precipitate was 
analyzed (Table VI). Amino N liberated after incubation (60 minutes) 
with Sechmidt’s deaminase (free of mvyokinase) amounted to 60 y of N per 
ml.; which is SO per cent of the value calculated from the total phosphorus. 

Reversinlity Vhe reverse reaction, formation of adenosine diphosphate 
from tri- and monophosphate, is illustrated in Table VII. The tri- and 
monophosphonucleosides used in this experiment contain the same amount 
’ was estimated by the 


of pentose. ‘The disappearance of ‘‘triphosphorus 
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hexokinase test and, when expressed as micromoles, is shown to correspond 
to the disappearance of adenylie acid. Between 25 and 30 per cent of each 
of the nucleotides was converted into adenosine diphosphate. Since as 
much as two-thirds of the adenosine diphosphate (separated as completely 
as possible from impurities of tri- and monophosphate) can be converted 
into tri- and monophosphonucleosides, the reaction, 


2 adenosine diphosphate .* 1 adenosine triphosphate + 1 adenylie acid 


isa simple equilibrium (cf. Fig. 1). 

The results of equilibrium studies performed with the most purified com- 
pounds (see methods concerning complete separation of the different phos. 
phorvluted steps) are the tollowing: 


Equilibriun Per cent convert « 
oa 55 (cf. Fig. 1) 
2 ADP ATP + AMP 
(° lable \ 
ATP + AMP 2 ADP 


A time curve of the equilibrium is*presented in Fig. 1. 


SUMAAKY 


Myvokinase, an acid-stable protein occurring in skeletal muscle, has been 
purified mainly by fractionating with strong acids. 

Myvokinase is an enzyme which catalyzes the transter of labile phosphate 
from 1 molecule of adenosine drphosphate to another vielding adenosine 
triphosphate and adenvlie acid, according to the equation: 


2 adenosine diphosphat: l adenosine /riphosphate + | adenvlic acid (adenosine 


monophosphate 
This new type of reaction, which may be called “phosphate dismutation,” 
isa simple equilibrium; approximately 60 per cent of adenosine diphosphate 
is converted into the two nucleotides 
The activation of hexose phosphorvilation by myokinase in a svstem: with 
veast hexokinase as catalyst and adenosine d7phosphate as the phosphate 
source is attributed to the transtormation, through a phosphate dismuta- 
tion ot the diphosphonucleoside, Into adenosine triphosphate, which is the 


phosphate donor proper. 


It is a pleasure to thank Professor C. F. Cori tor his continued interest in 
this work. 
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HEXOSEDIPHOSPHATASE* 


By G. GOMORI 
(From the Department of Medicine of the University of Chicago, Chicago) 


(Received for publication, November 18, 1942) 


Although the term hexosediphosphatase occurs in several publications 
dealing with the phosphatase problem, there is no report in the literature 
on the isolation or even on the sufficient characterization of an enzyme 
with a substrate specificity implied in the term. In fact, all the data 
available are rather vague. Forrai (1) states that glvcerophosphatase, 
fructosediphosphatase, and saccharosephosphatase are three different 
enzvmes. Hevmann (2) asserts that the kidnevs of rachitic rats contain 
more hexosediphosphatase than do those of normal animals. Kay (3) 
finds that the splitting by blood plasma of hexose diphosphate, unlike that 
of other substrates, is not stimulated by magnesium salts. Mori (4) pre- 
pared an active extract of beef kidneys by dialvsis and subsequent alcohol 
precipitation. This extract did not attack glycerophosphate but split 
sugar phosphates readily.  Follevy and Kav (5), in a foot-note of their ex- 
tensive review on phosphatases, sav that while both glycerophosphatase 
and hexosediphosphatase oecur abundantly in the intestinal mucosa, muscle 
and liver are poor in glyvcerophosphatase and rich in hexosediphosphatase. 
On the other hand, there are some data pointing to the non-existence of 
a specific hexosediphosphatase. (6) and Waldschmidt-Leitz 
and Wohler (7) think that there is no specificity within the group of alka- 
line phosphatases. Oppenheimer (S) states that, whereas in the beginning 
each and every phosphoric ester was beleved to have its own specific 
enzvine, at present there is a unitving tendeney. An intermediate position 
is tuken by Wav (9) who declares that, although most, if not all, of the 
phosphoric esters are ivdrolvzed by the same enzyme, it is conceivable that 
hexose diphosphate may be hvdrolvzed by enzymes whose primary fune- 
tion is to break down hexose, and phosphate ts liberated as a by-product. 

In the course of experiments carried out in an attempt to elucidate the 
mechanism of magnesium activation of phosphatase, it was found that 
organ extracts prepared in a certain wav showed an extremely high aectiva- 
tion by magnesium if hexose diphosphate was used as a substrate, whereas 
the activation was in the usual range if the substrate was glvcerophosphate. 
Attempts at isolation of this highly activatable enzvme resulted in extracts 
Which showed a high splitting power toward hexose diphosphate but prae- 
Heally none toward glycerophosphate and phenyl phosphate. 


* This work has been done under a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 
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EXPERIMENTAL 


The substrates used were: 

|. Na 6-glycerophosphate of Eastman. This substance was found to be 
sufficiently pure and was used without any further purification. 

2. Na phenyl phosphate of P. Lewis, Milwaukee, Wisconsin. ‘This sub- 
stance Was found to contain a high (up to 6 per cent) percentage of free 
phosphate. It was purified by adding to a 2.0 per cent solution of it a 0.2 w 
solution of CaCl, in a slight excess in relation to the free phosphate and by 
adjusting the pH of the solution to 9. After the mixture had stood 24 
hours in the ice box, the precipitate was centrifuged off and the Ca content 
of the solution determined by the Clark-Collip (10) modification of the 
Kramer-Visdall method. Sufficient sodium oxalate was now added to re- 
move all Ca. After the product stood 24 hours in the ice box, the precipitate 
Was again centrifuged off, and the liquid was analyzed for both tree phos- 
phate, by the author’s method (11), and €a content. The free phosphorus 
level was always well below 0.01 mg. per cc., and Ca could not be dem- 
onstrated in 2 ec. of the solution. 1 ce. samples of the fluid were digested 
with a mixture of sulfure acid and hydrogen peroxide, and the total P was 
determined in them. The solution was finally diluted to exactly 0.05 M in 
respect to P,a few drops of a chloroform-toluene mixture were added, and 
the solution was preserved in the ice box. 

3. Hexose diphosphate. Two different brands were used: candiolin of 
the Winthrop Chemical Company, Inc., and calcium hexose diphosphate 
of the Schwarz Laboratories, Inc., New York. Both were found to contain 
large amounts of free phosphate of which they were treed by essentially the 
same procedure as outlined under phenyl phosphate. Saturated aqueous 
solutions were adjusted to pH 9; the precipitate was centrifuged off; to 
the supernatant fluid sufficient oxalate was added to remove all Ca; the 
filtered solution which was of the same degree of purity in respect to free 
phosphate and Ca as the phenyl phosphate (data given in the preceding 
paragraph) was diluted to exactly 0.02 mM and kept in the ice box with a 
few drops. of chloroform-toluenc mixture added. Candiolin and hexose 
diphosphate were found to be indistinguishable in the experiments to be 
described. 

No Mg was found in 2 ce. samples of the substrates, according to the 
method of Denis (12). 

kor use in these experiments the substrates were diluted with a 0.05 
M barbital-HCl buffer of pH 9.1, the final coneentration of the substrate 
heing 0.005 Mm. M[g was added in the form of a 0.5 mM solution of ATgSO,, 
and its final concentration in the mixture was 0.01 uM. This type of buffered 
substrate solution with Mg added was used in all experiments unless 


otherwise specified. 
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Organ extracts were prepared in three different ways. 

Method 1— Fresh organs or tissues (kidnevs, livers, adrenals and intes- 
tinal mucosa of various species, and three human osteogenic sarcomas) 
were minced and ground with quartz sand. They were subsequently ex- 
tracted in the ice box with 4 parts of distilled water and a few drops of 
toluene. After 3 days the extract was centrifuged and the sediment dis- 
carded. ‘To the supernatant liquid an equal volume of 95 per cent alcohol 
was added, and, after the mixture had stood 24 hours in the ice box, the pre- 
cipitate was centrifuged off and discarded. To the supernatant fluid again 
an equal volume of 95 per cent alcohol was added. After this had stood 
24 hours in the tee box the precipitate was centrifuged off, washed with 
absolute alcohol and ether, and dissolved in normal saline. Solution was 
usually complete in about 24 hours at ice box temperature, and the liquid 
was almost clear. It was further purified by dialvzing it in a Visking casing 
against ice-cold distilled water tor 48 hours. Following this the solution 
was cleared by centrifugation and made up to the original volume with 
distilled water. 

Method 2— Aecording to Albers and Albers (13), with the exception that 
the purified enzyme was not stored in the dry state but dissolved in dis- 
tiled water and dialvzed. 

Method 3-—This method was found atter many trials and errors consist- 
ently to vield extracts with very little activity toward both glycerophos- 
phate and phenyl phosphate but with a high activity toward hexose di- 
phosphate. 

Fresh kidneys or livers of various species were minced and ground with 
quartz sand. They were subsequently extracted at ice box temperature 
with + parts of 0.05 lactate buffer of pH 3.5. After 3 days the vellowish, 
almost clear supernatant fluid was further cleared by centrifugation and 
subsequently incubated at 37° tor 6 hours. Following this it was dialvzed 
Ina Visking casing against repeated changes of ice-cold distilled water for 
3davs. During dialvsis a brownish, floeculent precipitate appeared which 
was centrifuged off and discarded. The ervstal-clear, pale amber super- 
natant liquid was used for the experiments. 

All the enzvme extracts described above remained stable in the ice box, 
with a few drops of toluene added. 

Some properties common to all the extracts mentioned are the following: 
total N per cc., as determined by the Koch-MeMeekin (14) method, 0.08 
to 0.2 mg.; free P, less than 0.015 mg. per ce.; Mg, less than 0.008 mg. per 
ee.; activity, 10 to 24 units (to be defined later) per mg. of total N. 

Phosphatase activitv of the extracts was determined on duplicate or 
triplicate samples by the following adaptation of the author’s photoelec- 


tric, colorimetrie method for phosphorus (11). 
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To 10 cc. of the buffered substrate, preheated to 37°, add 0.2 ce. of en- 
zyme solution. To the controls add 2 cc. of N sulfurie acid immediately, 
Incubate the other tubes for 1 hour at 37°. At the end of 1 hour remove 
the tubes from the incubator; add 2 ec. of N sulfuric acid to each tube. 
Add 2 ec. of the molybdate-sulfurie acid reagent and 1 ec. of the elon rea- 
gent (or, in the higher ranges of P, multiples of these amounts), as specified 
in the original paper, to each tube. Owing to the very low protein content 
of the enzyme solutions used, no turbidity was obtained after the addition 
of the reagents. Invert the tubes once. Obtain colorimetric readings in 
from 60 to 90 minutes. Deduct the control values from those of the ineu- 
bated samples. Multiply the difference by 5. 

The resulting value expressed in mg. represents the activity of the extract 
in units per cc. As Meg greatly activates alkaline phosphatases even in 
very low concentrations, and the degree of activation depends, especially 
in the low ranges of concentration, on the amount of Mg present, it was 
found desirable to express the activity of all extracts at the optimum Mg 
concentration in order to present comparable data. This optimum Mg 
concentration is, according to Jenner and Kay (15), around 0.01 Mm, or as 
is often expressed, around gg 2. 

In the succeeding discussion, therefore, | unit of alkaline phosphatase 
activity will denote the amount of enzyme capable of liberating | mg. of 
P in the form of inorganic phosphate in | hour at 37° and at pH 9.1, in the 
presence. of 0.01 It is important-to specify the substrate in 
every case, since different substrates may be split at different rates even 
by the same enzyme. This definition of the unit of phosphatase activity 
is similar to that of Bodansky (16) and of Levene and Dillon (17), except 
for the specification in respect to Mg. It seems unnecessary to limit split- 
ting to 20 per cent, since according to Erdtman (18) hydrolysis proceeds 
ina linear manner well bevond 50 per cent if Mg is present. This could be 
verified in our experiments. 


Observations 


Iixtracts prepared according to Methods | and 2 behaved in a very simi- 
lar manner, regardless of the organ from which they were extracted. The 
three substrates were hydrolyzed at rates not very different from each 
other, and the pattern of relative rates was closely similar with all extracts. 
Hexose diphosphate and phenyl phosphate showed slightly higher rates of 
hvdrolysis than 8-glvcerophosphate, the rate hexose diphosphate-phenyl 
phosphate-glycerophosphate being approximately 1.15:1.4:1.0. An ocea- 
sional extract hvdrolyzed phenyl phosphate almost 3 times as fast as glye- 
erophosphate. Roche and Latreille’s (19) contention that phenyl phos- 
phate is split much less readily than glycerophosphate by extracts prepared 
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according to Albers and Albers could not be verified. The factor of Mg 
activation, (activity in presence of Mg)/(activity in absence of Mg), was 
around 3 in the case of glycerophosphate, 2 or less in the case of phenyl 
phosphate, and about 1.5 in the case of hexose diphosphate. _Non-dialyzed 
enzyme solutions were found, in agreement with Jenner and Kay, to be 
much less activated by Mg, the corresponding factors of activation being 
around 1.7, 1.4, and 1.0, respectively. Fluoride at a concentration of 
0.01 Mm caused no appreciable inhibition, while cyanide at the same con- 
centration caused an inhibition exceeding 90 per cent. These data are in 
good agreement with known facts about the properties of alkaline phos- 
phomonoesterase (Asakawa (20), Hommerberg, Jenner and Kay, Auhagen 
and Graycky (21), Cloetens (22, 23), and others). 


TABLE I 
Splitting of Hexose Diphosphate by Non-Specific Phosphatase 
All extracts were prepared according to the method of Albers and Albers. Ex- 
tract A, extraet of dog kidney; Extract B, extract of dog intestine; Extract C, 
extract of human osteogenic sarcoma. Hexose diphosphate, 0.0025 m, 100 ec.; 
MgsSO,, 0.5 mM, 2 ce.; enzyme solution, 2 e¢.; pH 9.1; temperature, 37°. 10 ce. 
samples were removed at the times specified. Total P in a 10 ce. sample, 770 y. 


Phosphorus, micrograms 


Extract 
1 hr 2 hrs 3 hrs. 4 hrs. 5 hrs. 6 hrs. 7 hrs. & hrs. 9 hrs. 1hrs. 12hrs. 
A 115 215 20) 355 405 $50 492 523 545 570 HO2 
B IS6 313 425 105 O12 630 652 667 680 
246 151 730 755 761 796 


In addition, it was found that both PO, groups of hexose diphosphate are 
removed readily by all these enzymes, as shown in Table I. There was no 
indication that the second group is hydrolyzed at a slower rate than the 
first one, bevond the reduction in rate due to the continuous inactivation 
of the enzyme during hydrolysis, provided the concentration of the sub- 
strate did not sink below 0.0005 ™. 

These findings are essentially the same as those of Kav and Robison (24) 
on bone. 

On the other hand, extracts prepared by Method 3 mentioned showed a 
strikingly different behavior in respect to both substrate specificity and to 
activation by 

In the absence of Mg, all of the three substrates were hydrolyzed very 
slowly. In the presence of 0.01 Mm Mg, the hydrolvsis of phenyl phosphate 
was accelerated about 1.5 times, that of 8-glvcerophosphate about 4 times, 
and that of hexose diphosphate from 80 to 100 times. The results of a 
typical experiment with this type of extract are given in Table II. A de- 
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parture from the routine of taking 0.2 cc. of enzyme for determinations of ; 
activity was necessary, because with this amount of enzyme the readings vel 
in the first five instances (8-glycerophosphate and phenyl phosphate both no! 
with and without Mg; hexose diphosphate without Mg) after incubation ity 
were so close to those of the unincubated controls as to be within the limits | spt 
of experimental error. 93 
Nine different extracts were prepared so tar (two trom dog kidneys, two tas 
from dog liver, one each from guinea pig kidneys, guinea pig liver, rabbit ha 
kidneys, rat liver, and human kidneys), all of which showed practically ph 
identical features. for 
After the presence in these extracts of an enzyme, different from the well) js 
known alkaline phosphatase, seemed to be well established, further experi- : 
ments were carried out in an effort to characterize the new enzyme as | Gh 
I] 
Splitting of Various Substrates by Acid Autolysale of Dog Kidney spl 
The enzyme solution in all cases except as indicated was 1.0 ce. ; hot 
Phosphorus 
No Mg Mg 2 
gM, 
3-Glycerophosphate 6.5 23.5 
Phenyl phosphate 15 22.5 gM 
Hexose diphosphate 7.5 160" rt 
* 0.2 ec. enzyme solution. 
exactly as possible. In the following paragraphs the new enzyme wall be | 
referred to as hexosediphosphatase. : sho 
Propertu of Enzyme 
pil 
Occurrence -Vhere seems to be no correlation between non-specific alka- ie 
line phosphatase and hexosediphosphatase activity of the tissues. For 
instance, Intestinal mucosa of all species, placenta of the guinea pig, and It 
human osteogenic sarcomas have a very high non-specific phosphatase V7 
activity (25 to 55 units per gm. of tissue) but contain no hexosediphospha- tive 
tase. Kidneys and livers of man, the dog, guinea pig, rabbit, rat, and mouse ( 
contain both enzymes. Wkidney was found to contain an average of 6 to 9 ten 
units of non-specific phosphatase and 3 to 7 units of hexosediphosphatase / 
per gm. of tissue, while the corresponding values for liver are 0.5 to O.8 unit dip 
and 3 to 4 units, respectively. Muscle, although known to contain an i 
enzyme or enzymes capable of hydrolyzing hexose diphosphate (25), con- Clo 
tains only traces of hexosediphosphatase, the largest amount found being test 
0.25 unit per gm. of tissue (rat muscle). of | 
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Inactivation of Hexosediphosphatase ~The enzyme is promptly and irre- 
versiblv inactivated by alcohol or acetone precipitation; neither the filtrate 
nor the precipitate possesses more than 3 to 5 per cent of the original activ - 
ity of the extract. This is in sharp contrast to the high resistance of non- 
specific phosphatase to aleohol. Cloetens’ alkaline phosphatase (22, 
23), which in many respects bears a marked similarity to hexosediphospha- 
tase, can be purified by repeated acetone precipitations. On the other 
hand, hexosediphosphatase is far more resistant to acids than is non-specific 
phosphatase. It will tolerate incubation at 37° im a medium of pH 3.4 
for 6 hours without much loss in activity, whereas non-specific phosphatase 
is completely destroved under such conditions, 

Factors Influencing Heavosedi phosphatase Activity. Substrate Speerficity— 
Glycerophosphate, phenyl phosphate, pyrophosphate, and metaphosphate 
are not attacked to anv apprecinble degree. The onlv substrate readily 
split was found to be hexose diphosphate. Other sugar phosphates were 
not tested. 


Effect of Mg on Hexosediphosphatase Activity 
Hexose diphosphate, 0.005 Mm, 10 ee.; enzyme, from gMg « to gMg 3.5, 1.0 ce.; from 


gMg 3.5 togMg 1,0.2ce, All phosphorus values are calculated for 1.0 ce. of enzyme. 
| | | | 
gMg (= negative loga | | | | 
rithm of molarity) 5.0 38 1.8 is 
45 6.5 10 16 | 35 | 82 (365 


Dependence of Hexosediphosphatase Activity on pit This relation 1s 
shown in the following tabulation. 


P, 0) 0) 0) () () 7 17 


It can be seen that the enzyme has a rather sharp optimum around pH 
9.7 and that under the conditions of this experiment it is completely inac- 
tive in the physiological range. 

Optimum Temperature of Enzyme—For lack of an adjustable constant 
temperature water bath this could not be determined. 

Activating Effect of Mg—Vhis is given in Table II]. As shown, hexose- 
diphosphatase is very little active in the absence of Mg. 

Efiect of Cyanide and Fluoride— Vhese substances, having been found by 
Cloetens (23) to influence alkaline phosphatases very markedly, were 
tested tor their effect on hexosediphosphatase. Cvanide is an activator 


of hexosediphosphatase. At a concentration of 0.01 Mm and at pH 8.5 the 
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activation factor is around 2.3; at pH 9.1 around 2; at pH 9.3 around 1.5, 
Fluoride is an inhibitor. At a concentration of 0.01 mM and at pH 8.5 the 
activation factor is around 0.15, at pH 9.1 around 0.3, and at pH 9.3 
around 0.4. 

Phlorhizin up to concentrations of 0.01 mM has no effect. 

Kinetics of Hexosediphosphatase. Effect of Concentration of Knzyme— 
There is a linear relationship between the amount of enzyme and the rate 
of hydrolysis. This is shown in the following tabulation. 


Dilution of enzyme... Straight i:3 1:4 1:8 1:16 
122 63 32 14 8.5 


Effect of Concentration of Substrate—TVhe optimum concentration of the 
substrate is around 0.004 mM. The effect of the substrate concentration on 


the rate of hydrolysis is shown in the following tabulation, 


q substrate (= negative logarithm of 


molarity). . 2.0 2.4 3.0 3.3 3.6 
10] 104 117 67 49 


Course of Hydrolysis in’ Time—If the amount of the enzyme is so 
chosen as to exhaust the substrate in a tew hours, hvdrolvsis shows an 
almost exactly linear trend until one PO, group is completely hydrolyzed, 
without any indication of inhibition by the phosphate liberated. Hydrolvy- 
sis does not progress beyond this point. If, however, the substrate is 
present in a large excess in relation to the amount of the enzyme, the rate 
of hydrolysis shows a steady decline, obviously through inactivation of 
the enzyme. It can be assumed that the enzyme is inactivated according 
to the pattern of a regular die-away curve, with an inactivation fraction 
(A) of 0.05 per hour. The actual experimental values are in excellent agree- 
ment with the values calculated on this basis (Table IV). The theoretical 
values were obtained-from the formuls 


in Which P, stands for the total amount of phosphorus split off by the end 
of ¢t hours, and P, for the amount of phosphorus split off by the end of 1 
hour. This equation is derived from the more general form 


Ir 
P, = | re *' dt = (1 — e 
0 


in which x is the initial concentration of the enzvme and A the reaction 
constant of inactivation, bv substituting e ~ = 1 — A and (7/A) A = Pi. 
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This transformation was found to be convenient because both P; and P, 
ean be determined directly. 

The effect of fluoride consists in lowering the initial rate without affect- 
ing the inactivation constant. 

The effect of cyanide is a very curious one. The initial rate is greatly 
increased, while the inactivation constant is uninfluenced. However, in 
the presence of cyanide, hydrolysis does not proceed as far as in its absence 
but stops abruptly after about 60 per cent of the substrate is half-way 
hvdrolvzed. No explanation can be given for this at present. 


TABLE IV 
Kinetics of Hexosediphosphatase 
Hexose diphosphate, 0.005 mu, 200 ec.; MgSO,, 0.5 4 ec.;enzyme,0.5ce. 10 ce. 


samples were removed at the times specified. 


Hrs. 2 4 8 | 722 «(9% 
P found, y....... |. 18 | 2 | 50 | 85 | 118 | 185 | 290 | | 
* calculated (A = 0.05 | | | | 

per BP.), ¥...-6- 13 | 2% | 48 | 87 | 118 | 182 | 235 | 250 | 255 


TABLE V 
Activity of Enzyme Mixtures in Absence and Presence of Cyanide and Fluoride 
1:2 dilutions of the following extracts: W = dog intestine extract (Albers and 
Albers); Q = hexosediphosphatase from dog kidney. 


Phosphorus, micrograms 


W 0.2 ce. O02cc, WO2cc.+ W04 ce. + W0.2cc. + 


00.2 ce. O0.2 ce. ce. 
se : 3 117 126 130 227 
| 3 92 20 107 


Simultancous Determination of Non-Specific Phosphatase and of Hexose- 
diphosphatase in Same Sample——As mentioned, fluoride at the concentration 
of O.O1 mM has no effect on non-specific phosphatase but inhibits hexosedi- 
phosphatase to about 70 per cent; and cyanide, at the same concentration, 
inhibits non-specific phosphatase to about 95 per cent but activates hexose- 
diphosphatase to about 100 per cent. These facts, together with the 
observation that in the presence of both enzymes the combined rate of hy- 
drolysis is the sum of the individual rates, make the simultaneous determi- 
nation of both enzymes in the same sample possible. Table V shows the 
activity of such a mixture of the two enzymes without any addition and in 
the presence of 0.OL mM cvanide and fluoride, respectively. 
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On the basis of these data the two enzymes can be determined simul- 
taneously by first determining their combined activity on plain hexose 
diphosphate with Mg, then on the same substrate containing 0.01 M cvanide 
(the pH of the cyanide solution must be adjusted to that of the substrate), 
and the result can be checked by determining the activity in the presence 
of 0.01 m fluoride. If activity on the plain substrate is denoted by A, 
that in the presence of cvanide by &, and that in the presence of fluoride by 
(’, the following equations will hold: A = non-specific phosphatase + 
hexosediphosphatase, B = 0.05 & non-specific phosphatase + 2 & hexose- 
diphosphatase, = non-specific phosphatase + & hexosediphos- 
phatase. Hence non-specific phosphatase = (24 — B)/1.95 or (C — 
0.34)/0.7 and hexosediphosphatase = (20B — A1)/39 or (A — ©)/0.7, 

On the basis of such calculations Cloetens’ enzyme (22) would probably 
be included under hexosediphosphatase. 

The two enzymes were determined in a number of crude extracts, and 


good checks were obtained. 
Clomment 


Qn the basis of the aforementioned data there can be little doubt that 
hexosediphosphatase is distinctly different trom the well known alkaline 
enzyme. Although fresh saline extracts of muscle hydrolyze one PO, 
group of hexose diphosphate very readily (25), and this hydrolysis is in- 
hibited by fluoride, the fact that practically no hexosediphosphatase could 
be recovered from muscle tissue, together with the contrast between the 
marked instability of the muscle enzyme and the excellent stability. of 
hexosediphosphatase, seems to be sufficient evidence for the non-identity 
of the two enzymes. Cloetens’ alkaline phosphatase I shows a striking 
similarity to hexosediphosphatase in three respects: first, it is practically 
inactive in the absence of MIg; second, it is highly resistant to low pH; 
third, it is inhibited bv fluoride and not affected by evanide. On the other 
hand, it is different from hexosediphosphatase in the following respects: 
it can be purified by repeated acetone precipitations; it attacks glyccrophos- 
phate very readily; it is far more rapidly inactivated during hvdrolvsis 
(26) than hexosediphosphatase. In conclusion, hexosediphosphatase 
seems to be an enzyme distinctly different from all known members of the 
alkaline phosphatase group. 


SUMMARY 


Kidney and liver tissues contain an alkaline phosphatase with a strict 
substrate specificity for hexose diphosphate. It is inactive in the absence 
of Mg. It is activated by cvanide and inhibited by fluoride. 
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SUBSTITUTION OF HEATED ASPARAGINE-GLUTAMATE MIX- 
TURE FOR NICOTINAMIDE AS A GROWTH FACTOR FOR 
BACTERIUM DYSENTERIAE AND OTHER MICROORGANISMS 


By MARIANNA R. BOVARNICK 


(From the Division of Laboratories and Research, New York State Department of Health, 
Albany) 


(Received for publication, February 11, 1943) 


During the course of an investigation of the suitability of various simple 
media for the production of nicotinamide-deficient dysentery bacilli, it was 
observed that the strains of Bacterium dysenteriae, Schmitz, Sonne, and 
Flexner, thus far tested, all of which had been found to require nicotinamide 
as an essential growth factor, grew moderately well in the absence of this 
compound on a medium containing asparagine and glutamic acid. Further 
study disclosed that it was necessary to heat these two amino acids together 
in neutral solution for at least 24 hours to obtain maximal growth in the 
absence of nicotinamide; if they were heated separately before being added 
to the medium, little or no growth occurred. Since relatively high con- 
centrations of asparagine and glutamic acid were required to replace nico- 
tinamide, it was essential to demonstrate that the phenomenon was not 
due to traces of some other substance in one or both of the natural com- 
pounds used. Therefore, the experiments were repeated with entirely 
synthetic glutamic acid and asparagine. ‘The same results were obtained. 
Furthermore, active mixtures have been tested for their ability to support 
the growth of other microorganisms known to require nicotinamide; 
namely, Staphylococcus aureus and Lactobacillus arabinosus (1, 2). In 
each case it has been possible to replace nicotinamide completely by a 
heated mixture of asparagine and glutamic acid. 

EXPERIMENTAL 
Media 

The asparagine-cystine-tryptophane medium described by Dorfman 
etal. (3), which will be referred to as S. A., was used for the dysentery 
strains. It was made up in a concentration 1} times the final strength, 
autoclaved, and after addition of sufficient 20 per cent glucose to bring 
the final concentration to 1 per cent, was dispensed in 6.6 ml. amounts. 
The volume in each tube was brought up to 10 ml. by the addition of water 
or the solution to be tested. In some instances, a similar medium, with 
the asparagine omitted, designated S. O., was employed for testing solu- 
tions that provided an adequate source of nitrogen. 
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The staphylococei were grown on a charcoal-treated casein hydrolysate, 
supplemented with salts, trvptophane, cystine, thiamine, and glucose (4, 
5). This was made up in twice the final strength, dispensed, after auto- 
claving, in 5 ml. quantities, and diluted to 10 ml. as with medium 8S. A. 

The medium for Lactobacillus arabinosus was prepared as described by 
Snell and Wright (2) and modified by Isbell (6), but dispensed after auto- 
claving as with the other media. 


TABLE | 
Replacement of Nicotinamide As Growth Factor for Various Strains of Bacteria by 


Heated Asparagine-Glutamate Mixture 


Colorimeter readings 


Medium with Medium 
Strain Strain No “ee nicotinamide with heated 
medium 164 164 
Bacterium dysenteriae Flexner 32 0) 1205 117 
38376 11S 120 
Sonne 231 104 102 120 
“ +4 Schmitz 3822 2 108 106 128 
Staphylococcus aureus BY295 2 165 210 205 
40860 1] 200 190) 
albus 105 20% 157 
mi. mi. mi. mi 0] 
NaOH VaOH N VaOH \VaOH 
Lactobacillus arabinosus* 1230) 60 6.73 


* American Type Culture Collection No. SO. 


Assays 


In the assavs for nicotinamide substitutes with staphvlococe: or Bac- 
terium dysenteriae, a 16 to 24 hour beef infusion broth culture of the micro- 
organism was used to prepare the inoculum. The bacteria were centri- 
fuged, washed twice with isotonic saline, resuspended in a volume of saline 
equal to that of the broth culture, and diluted 1: 100; 0.2 ml. of this dilution 
was added to 10 ml. of test medium. Immediately betore imoculation, 
0.1 ml. of a 0.5 per cent solution of thioglycolic acid was added to each tube. 
The cultures were incubated for 2 days at 35°. 5 ml. of each were trans- 
ferred to standard bore test-tubes, and the extent of growth estimated 
turbidimetrically in a Wlett-Summerson photoelectric colorimeter. For 
the dvsenterv bacilli a blue filter (No. 42, maximum transmission at 430 my) 
was used; for the staphylococci a red filter (No. 66, maximum transmission 
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Effect of Nicotinamide and of Heated Miztures of Asparagine and Glutamic Acid on 
Growth of Two Strains of Bacterium dysenteriae 


TABLE I] 


Except where otherwise noted, the mixtures were heated at pH 6.5 to 6.8. 


Ex- | 
peri- 
ment | 
No. 


te 


to 
to 


Strain | 


No. 


tS tht te 
Nh ho 


Basal 
medium 


Added substances 


Nicotinamide 


-|- 


/Concentration 
in medium imeter 


6X10" 


me 
45 
l 
1.6 10°& 100 


/-Asparagine and /-glutamate, mixed | 0.02 24 
after heating each 24 hrs.* | 
/-Asparagine and /-glutamate, heated 0. OO68 108 
together 48 hrs.* 0.002 
0.00068 47 
dl-Asparagine and dl-glutamate, 0.02 26 
mixed after heating each 48 hrs.* 
dl-Asparagine and dl-glutamate, 0.0068 121 
heated together 48 hrs.* 0. OO2 SS 
0. 0006S 
Nicotinamide 0 


(;lutamie acid, autoclaved in medi- 
um, 4 gm. per liter, + nicotinamide 


di-Asparagine and di-glutamate, 
heated together 24 hrs.t 


/-Asparagine and /-glutamate, heated 


together 24 hrs., at pH 
Same at pH 9.1f 


/-Asparagine and /-uspartate, heated 
together 24 hrs.f 

/-Glutamate and l-aspartate, heated 
together 24 hrs.t 

/-Asparagine and l-glycine, heated 
together 24 hrs.t 


153 


0 100 
Ov 
OY 
0. OV 42 
0.02 A) 
OY 19 
0.0 2s 
0.02 25 


Color- | 
reading 


' 


oOo 


te 


pH 
M 
| 38 7.0 
38 5.0 
8 
12 | 8. O. 
| 3822, S.A 5.0 4 
3822 5.6 
( 30) is 6 q 
| 
| 329 Lex B.2 q 
299 () () | 3 
| 
399 ies. 6 
| 24 «6329 5.2 
| | 399 6.0 | 
 320'8.A 6.5 
520 4 
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TaBLE II]—Concluded 


Ex- 


peri- Strain Basal Concentration Final 
ment No. medium Added substances in medium sweep oF pH 
No. reading 
31 329 S.A. d-Glutamate and l-glycine, heated 0.02 32 | 6.8 

together 24 hrs.t 
32 l/-Asparagine, heated 24 hrs.t 0.02 26 6.8 
33 329 l-Glutamate, 0 02 30 
34 329 fe Glutamine and aspartic acid, filtered 0.02 4 68 
309 | 3822 filtered 0 OR 6.7 
3¢ 3822 {-Asparagine and pyvrrolidonecarbox- 0.02 Os 6.8 
vlic acid, heated together 4S nes.” 
3S 3822 di-Glutamate and d/-isousparagine, 0.02 6.0 
heated together 4S hrs.* 1) 
|| 8. QO. di/-Clutamate and acetamide, heated 02 1.0 
3822 8. A. together 4S hrs.* 7 
The affix /- is used to denote amino acids from natural sources and dl- the svnthetie 


compounds. 
* The asparagine-glutamate solution contained 7 * 10° a1 FeSO, 
t The tube containing the SSpariagerrn viutamate solution was closed with a Cotton 


plug during the heating period. 


at 660 my) was used to reduce the high blank reading due to the vellow 
color ot the medium itself. Table records the observed readings, Cor- 
rected for that obtained with the medium alone. Previously it had been 
determined by plate counts that these readings Were directly proportional 
to the amount of growth. Since growth of any one strain in the presence 
of given amounts of nicotinamide, as estimated turbidimetrically, varied 
in different media, whereas acid production trom glucose was a more nearly 
constant function of the micotinamide concentration regardless of the 
medium (Table I], l-xperiments 21 and 22), colorimetric determinations of 
the final pH were also made. 

The assavs with Lactobacillus arabinosus were carried out as described by 
Snell and Wright (2). The acid formed after 72 hours of growth was 
determined by titration to phenol red with 0.1 ~ NaQOll 


Preparation of Nicotinamide Substitute from Asparagine and Glutamic Acid 


A solution of equimolar quantities of asparagine and glutamic acid, 
generally 50 mg. per ml., was neutralized to brom-thvmol blue in a gradu- 
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ated centrifuge tube and heated for 24 hours or longer at 100°; the water 
lost during the prolonged heating was replaced at intervals and at the end 
of the heating period the solution was restored to its original volume with 
sterile distilled water. At this time the solution was always sterile, but if 
for any reason further sterilization becomes necessary autoclaving does not 
alter its activity. Suitable dilutions were made for testing. Glutamie 
acid or asparagine alone in the same concentration was similarly treated 
for control experiments. Later work showed that iron salts catalyze the 
reaction and therefore in some instances 7 X 10°° Mm FeSO, was added 
before heating. When the tubes were closed with cotton plugs, as in the 
earlier experiments, addition of iron was unnecessary, probably because of 
the extraction of traces of iron from the cotton. 


Preparation of Chemicals 


A commercial sample of natural asparagine twice reerystallized from 
water was employed. Natural glutamic acid was treated with charcoal 
and twice crystallized as the hydrochloride. 

Synthetic asparagine was prepared by two methods. 

Method 1— This method followed the general procedure of Bergmann and 
Zervas (7,8), starting from synthetic d/-aspartic acid, but with the toluene- 
sulfonv! derivative in place of the carbobenzoxy derivative. 

p-Tolucnesulfonylaspartic Acid solution of 17 gm. of dl-aspartic acid 
in 2 equivalents of 4 N NaOH and an equal volume of water was shaken 
with a solution of 48.7 gm. of p-toluenesulfonyvl chloride in 200 ml. of ether. 
After an hour | equivalent of 4 N NaOH was added and the process repeated 
twice at intervals of from 2 to 3 hours. 3 hours after the last addition of 
alkali, the water laver was separated, aerated to remove dissolved ether, 
and acidified to Congo red with concentrated HCl. The resulting clear 
solution was left in the cold room, and overnight p-toluenesulfonylaspartic 
‘ 


acid ervstallized out. After several davs 27 em. were collected. Mp. 
} 


159-160° after drving (90°); vield 69 per cent. 
Analysis—-Found, N 4.57; theory for monohydrate, 4.59 


wn racuo) 0.82: theory, 


‘The compound is readily soluble only in hot water and was reervstallized 
once from water. Neither the nitrogen value nor the melting point was 
altered, but reervstallization was found essential to prevent the formation 


of colored material in the next step. 

p-Toluenesulfonylaspartic Acid Anhydride-- 19.7 gm. ot p-toluenesultonyl- 
aspartic acid were dried to constant weight in a vacuum oven at 90°, sus- 
pended in 50 ml. of treshly distilled acetic anhydride, and the mixture was 
then brought to a boil. The resulting solution was rapidly cooled and J 
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volume of drv ether and 2 volumes ot petroleum ether were added. — An oil 
separated at once and soon crystallized. The ervstals were filtered off, 
washed with ether-petroleum ether, and dried as soon as possible. Yield 
14.9 gm. (86 per cent); m.p. 158.5—-160°. 


Analysis—Found, N 5.20; theory, 5.21 


p-Toluenesulfonylbenzyl Aspartate 14.8 gm. ot anhydride were heated 
with 10 ml. of freshly distilled benzvl aleohol at 100° tor 35 hours under a 
condenser fitted with a calcium chloride tube.  Atter cooling, the mixture 
was dissolved in ether and extracted several times with 5 per cent NallCOs. 
The combined extracts were filtered, aerated, and acidified to Congo red 
with concentrated HCl. An oil separated that solidified atter prolonged 
stirring or preferably seeding. Yield 1S gm. (87 per cent); mop. SO LOR, 


Analysis--kFound, N 3.71; theory, 3.71 


The two isomeric benzyl esters were separated by repeated tractional 
ervstallization from ether-petroleum ether. For final purification the 
esters were reervstallized to constant and sharp melting pots. Advan- 
tage was taken of the fact that ester I, present in the smallest amount, was 
much less soluble in ether than Ester [I]. Thus, some oft lester T could be 
left undissolved on extraction of the mixture with ether, whereas on per- 
cipitation with petroleum ether (approximately 0.5 to 0.75 volume), Ester 
I] was the first to ervstallize. Ester | was finally reervstalhzed trom ethyl 
acetate and petroleum ether, 

From 54.5 gm. of the mixed esters were isolated LO gin. OLS per cent) of 
ester and 35.6 gm. (65 per cent) of Ester TT. 


Ester 135.5-1387 Found, N 3.71; theory, 3.71 
Kester Mop. 1085-100 Found, N 3.73; theory, 3.71 


ester I], the predominant isomer, Was assumed by analogy with the 
behavior of the carbobenzoxyv compounds (8) to be the isobenzyvl ester, 
and further evidence for this assumption will be presented later. Attempts 
to obtain asparagine by converting this to the acid chloride with thiony! 
chloride and then to the amide with aqueous ammonia gave very poor 
vields, partly because the ester group itself reneted with ammonia, to give 
the diamide of p-toluenesulfonvlaspartic acid. Therefore, this method was 
abandoned and each ester converted to the corresponding amide by treat- 
ment with ammonia. 

p-Tolucnesulfonylasparagine solution of 4.04 gm. of ster Tin 22 mil. 
ot 25 per cent aqucous ammonia was allowed to stand at room femperature, 
A precipitate, which formed during the Ist hour, gradually redissolved. 


After 24 hours, the solution was acidified to Congo red and placed in the 
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cold room. Crystals of p-tolnenesulfonvlasparagine rapidly formed. Af- 
ter being filtered and dried, the ervstals were washed several times with 
ether. Yield 2.72 gm. (89 per cent); m.p. 173.5-174°. 


Analysis —Found, N 9.84; theory, 9.79 


On reerystallization from hot water the melting point was raised to 
174.5-175.5°. 

p-Toluencsulfonylisoasparagine— 5 gm. of Ester I], treated similarly, 
vielded 3.24 gm. of p-toluenesulfonylisoasparagine, m.p. 177.5 178°. 


Analysis Found, N 0.66; theory, 9.79 


This could be reervstallized from hot water without change in melting 
point. Both compounds were markedly soluble only in alcohol, acetone, 
and hot water. 

Asparagine 2 gm. of p-toluenesulfonvlasparagine were suspended in 
liquid ammonia with mechanical stirring and reduced by the gradual addi- 
tion of 1.38 gm. of Na (S atoms). 4 hours after the last addition, 3.32 gm. 
of NILC] were added and the ammonia allowed to evaporate. The residue 
was dissolved in dilute HCl and the thioeresol was removed by repeated 
extraction with ether. The water solution was then evaporated in vacuo 
nearly to drvness. The mixture was extracted with « solution containing 
5 parts of 95 per cent aleohol to | part of coneentrated HCl], and filtered. 
On neutralization of the filtrate to litmus with 4 \ NIEIy. an oily precipitate 


settled out This ervstallized overnight as prisms. Yield 0.73 gm. (70 
percent). ‘The produet was reervstallized once trom 50 per cent alcohol 


and twice trom hot water with the addition ot sufherent NaOH to bring 
the pH to between Gand 7, giving O48 gm. of pure asparagine. 


Analysis Found, IS.61, amide N 0.25, H.O (110) 12.02 
Caleulated for N 18.67. amide N 0.34. 12.00 


AO gm. ot p-toluenesulfonvlsoasparagine, treated ac- 
cording to the same procedure, vielded 1.42 gm. (77 per cent) of crude 
iIsousparagine which, on reervstallization from dilute alcohol, then water, 
gave 0.63 em. of the pure compound in the form of needles. 

Analysis -Found, (110°) O48. N 21.04 (eorreeted for moisture 21.16), amide 


N 10.56 Ceorreeted tor moisture 10.62) 
Theory for CsHsN.0O,, N 21.21, amide N 10.61 


The isousparagine could be distinguished trom the normal asparagine 
not only by the marked difference in ervstalline form, the former ervstalliz- 
ing us needles, the latter as prisms similar to the natural asparagine, but 
also by the relative rates of acid hydrolysis. After 45 minutes in a boiling 
water bath in the presence of 0.25 ~ HCl, natural asparagine vielded 31 
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per cent of its total amide nitrogen as free ammonia, normal synthetie 
asparagine, 31 per cent, and svnthetic isoasparagine, 74 per cent; after 110 
minutes the extent of hydrolysis respectively was 48, 49, and 93 per cent. 
The ammonia liberated was estimated by the method of Pucher, Vickery, 
and Leavenworth (9). No liberation of ammonia from any of these com- 
pounds could be detected by this method before acid hydrolysis. 

Method 2.) Asparagine was also subsequently prepared from) sodium 
diethvl oxalacetate as described by Cocker (10).'. This method gave low 
vields, and repeated recrystallization of the end-product from water, with 
neutralization of the hot solution to avoid coprecipitation of aspartic acid, 
Was necessary in order to obtain a product with the correct nitrogen con- 
tent. However, the time required tor the synthesis was considerably 
shorter. | 

Synthetic Glutamic Acid-—Vhis material was prepared from a-ketoglutarie 
acid by the method of Knoop and Ocesterlin (11). 


Analysis—Found, N 9.62; theory, 9.52 


The other compounds tested were aspartic acid, glutamine, glycine, 
acetamide, and pvrrolidonecarboxvlic acid. The last was prepared from 
commercial glutamic aeid (12). The others were commercial products, 
used without further purification. 

Results 


It can be seen from the data given in Table I that several strains of Bae- 
lertum nteriae, staphylococci, and Lactobacillus arabinosus, all of which 
require nicotinamide tor growth on the basal media described, grow well 
without this compound if a solution containing asparagine and glutamie 
acid, previously heated for 48 hours, is substituted. A more detailed and 
quantitative study of the ability of heated asparagine-glutamate, or other 
amino acid mixture, to substitute for nicotinamide was carried out with two 
strains of dvsenterv bacilli. The results of experiments are pre- 
sented in Table II. 

That the effect of this substitution is not due to traces of impurities in 
the natural asparagine or glutamic acid is demonstrated by experiments 
showing that full growth takes place in the presence of a heated mixture 
of synthetic asparagine and glutamic acid with basal medium Ss. ©. that 

! It was found impossible to purify the diethyl aspartate by vacuum distillation, 
owing to almost complete decomposition of the ester even before its boiling point 
was reached. Therefore, this compound was isolated as the hydrochloride by passing 
dry HC] with cooling into the dry ether solution obtained after the reduction of the 
oxime with aluminum amalgam. The hydrochloride is a crystalline solid which ean 


be kept without decomposition for long periods in a desiccator. 
Analysis —Found, N 6.13; theory, 6.21 
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contains no natural sources of nitrogen except small amounts of cystine and 
tryptophane (experiment 23). This is confirmed by the fact that corre- 
sponding concentrations of heated mixtures of the synthetic and natural 
amino acids give similar amounts of growth (Experiments 3 and 13), 
despite the fact that a relatively high concentration of the amino acids, 
6.8 * 10°°M, Is required to replace a very low concentration, 1.6 K 1077 M, 
of nicotinamide. More prolonged heating and the presence of higher 
concentrations of iron or of manganese produce mixtures active in higher 
dilutions, but in no case as vet has the molar activity of a mixture ap- 
proached that of nicotinamide. 

When the asparagine and glutamic acid are heated separately and then 
both added to the medium, limited growth takes place, even when the syn- 
thetic compounds are used (E-xperiments 2, 12, and 33). This may be due 
toa slow reaction during the 2 day incubation of the culture at 35°. How- 
ever, since heated asparagine alone (Experiment 32) may give the same 
limited growth, the explanation 1s not yet clear. In any ease, the effects 
with the separately heated compounds are always of a much lower order 
of magnitude than those observed when the two are heated together. 
From these results it appears quite clear that glutamic acid and asparagine, 
when heated together in neutral solution at 100°, react with each other to 
produce some substance that can substitute for nicotinamide as a growth 
factor for the bacteria tested. 

The most favorable conditions for the production of an active reaction 
mixture prevail at about pH 7. Much less activity is obtained at pH 9 or 
4,and none at all at pli 2.5. The lower activity of acid and alkaline solu- 
tions may be due to hydrolysis of the asparagine under these conditions, 
and at pH 4, at which the asparagine should be quite stable (13), the 
glutamic acid is more rapidly converted to pyrrolidonecarboxylic acid (14). 
It was thought at one tine that the latter compound might be an inter- 
mediary but direct test showed it to be very much less active than glutamic 
acid after heating with asparagine. Aspartic acid and glycine also could 
not he substituted for either reactant. A further possible product which 
might be the active substance was glutamine, although this seemed un- 
likely in view of its notable heat instability (13) in contrast with the ap- 
parent relative heat stability of the active product. Tests with glutamine, 
sterilized hy filtration, showed that although some growth did occur with 
0.02 Mm glutamine it was less than that with smaller concentrations, 0.0068 
M, of asparagine and glutamic acid. When the glutamine solution was 
heated for 24 hours at 100°, it became considerably more active. Whether 
this indicates that glutamine is an intermediary in the reaction is, however, 
uncertain, since the commercial sample used was an obviously impure one. 

The only compound found capable of replacing asparagine was the iso- 
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asparagine, prepared from synthetic aspartic acid. This substance, after 
heing heated with glutamie acid, gave fair growth and some acid production 
at a concentration of 0.02 mM. The mixture was less active than those 
containing asparagine, possibly because of the much more rapid rate of 
hydrolysis of the isoasparagine. 

The ability of isoasparagine to substitute for asparagine and the activity 
of heated glutamine suggested the possibility that these compounds serve 
only as amide group donors and therefore an attempt was made to sub- 
stitute acetamide in the reaction. However, the heated glutamate- 
acetamide mixture showed no more activity than glutamie acid alone. 
kither acetamide is not a suitable amide donor or asparagine has some 
further function. 

Later experiments not included in Table I] have shown that different 
rates of reaction may be obtained with different commercial samples of 
glutamic acid and asparagine and that the rate is increased if the tubes are 
closed with cotton stoppers. These variations are probably due to traces 
of metals in some of the amino acid preparations and in the cotton, since 
certain metal salt mixtures, of which manganese and, to a less extent, iron 
appear to be the most active constituents, catalyze the reaction. Very 
little activity is produced if the reaction takes place in a drv melt of as- 
paragine and glutamic acid or sodium glitamate, or in an actively boiling 
solution. Finally, it has recently been observed that several other amino 
acids may be substituted for the glutamic acid and the results of these 
experiments will be published shortly. 

The nature of the reaction product is unknown. Whether nicotinamide 
itself is formed cannot be determined at present, since solutions sufficiently 
active to be tested chemically for this substance have not thus far been 
obtained. Preliminary to an attempt at identification of the active pro- 
duct, investigations are under way to determine the most favorable condi- 
tions for its formation. 


SUMMARY 


A neutral solution of glutamic acid and asparagine, atter being heated 
at 100° for several days, can substitute for nicotinamide as a growth factor 
for several strains of Bacterium dysenteriae, staphylococci, and Lactobacillus 
arabinosus. 

The observation has been repeated with svnthetic compounds. A 
method for the synthesis of asparagine and isoasparagine is described. 
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STUDIES ON TWO CHEMICALLY UNIDENTIFIED WATER- 
SOLUBLE VITAMINS NECESSARY FOR THE CHICK* 


By G. M. BRIGGS, Jr., T. D. LUCKEY, C. A. ELVEHJEM, ann E. B. HART 


(From (he partment of Bioche mistriy, Colle je of Agriculture, niversity of Wisconsin, 
Madison) 


(Received for publication, February 6, 1948) 


It is well recognized that liver, veast, and other natural products supply 
water-soluble factors, distinet from the known vitamins and necessary in 
the diet of the chick. Several reports trom this laboratory have demon- 
strated that chicks receiving purified rations containing all the known 
nutrients do not grow maximally unless liver, or a liver concentrate, 1s 
provided. Hutchings, Bohonos, Hegsted, Elvehjem, and Peterson (1) 
reported that fractions rich in the norit eluate factor necessary for Lacto- 
bacillus caser folie acid (2)) were active on a purified chick ration in pro- 
moting growth. Alills, Eelvehjem, and Hart (3) found that similar 
fractions, contaming the Lactobacillus casei factor, were necessary for 
feather development and hemoglobin formation as well as for growth. It 
Was suggested that there were at least two unidentified factors present in 
liver. evidence that these same liver fractions are essential for normal de- 
velopment of the chicken embrvo has been presented by Cravens, Sebesta, 
Halpin, and Hart (4), 

This paper presents studies on the existence of at least two water-soluble 
Vitamins of the B complex distinet from all of the known vitamins, inelud- 
Ing folie acid. One ot these tuctors is necessary for feather formation, while 


another is essential for growth im the chick. 


ENPERIMENTAL 


Dav-old white Leghorn chieks were used throughout and raised in elee- 
trieally heated cages with raised screen bottoms. In all the experiments 
the chicks were fed the basal ration for 3 davs and then divided into uni- 
lorm groups of six sccording to weight before supplements were added. 
Wate ana feed were supple ad 


"Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Suppertedin part by grants from the Wisconsin Alumni Research 
Foundation and Swift ana Company, 

We are indebted to Merek and Company, Inc., Rahway, New Jersey, for the erys- 
talline vitamins; to The Wilson Laboratories, Chieago, for solubilized liver (liver 
Fraction L) and whole liver substance; to Wilson and Company, Inc., Chieago, for 
gelatin; to Cerophy! Laboratories, Ine., Kansas City, Missouri, for grass juice powder; 
and to Allied Mills, Ine., Peoria, [linois, for soy bean oil. 
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The basal ration (No. 48418) is similar to those used previously (1, 3) 
and had the following percentage composition: dextrin 59, alcohol-ex- 
tracted casein 18, gelatin 10, Salts 5' 6, sov bean ot] 5, and kidney residue 
(3) (a source of biotin) 2. Each 100 gm. also contained -evstine 300 mg., 
thiamine 0.3 mg., pyridoxine 0.4 mg., riboflavin 0.6 mg., pantothenic acid 
1.5 mg., choline 150 mg., nicotinic acid 10 mg., 7-Inositol LOO mg., 2-methyl- 
1 ,4-naphthoquinone 0.5 mg., and a-tocopherol 0.38 mg. chick re- 
ceived 3 drops of a vitamin A and I) concentrate weekly. ‘The gelatin, 
when evstine is supplied in the ration, appears to function solely as 4 source 
of arginine and glycine (6). 

The Superfiltrol eluate of solubilized liver was prepared according to the 
method of Hutchings, Bohonos, and Peterson (7). In brief, it is made by 
treating a solution (pH 3) of solubilized liver with norit and eluting the 
norit with a mixture of water, alcohol, and ammonia. Adsorption and 
elution are repeated with Superfiltrol. 

A scheme for the separation of the other preparations used in this work 
is given. The starting material in each case was the Superfiltrol eluate 
described above. All precipitations, made with ethyl aleohol, were allowed 
to stand in the cold (—7>) for 4 hours or more before filtration. If the 
solution was acid, the residue was filtered off as quickly as possible after 
the 4 hour period and the filtrate neutralized to prevent possible destruetion 
of the active factors. 

Assays for folic acid were made according to the method ot Mitchell and 
Snell (8) with Streptococcus lactis Ras the test organism and solubilized 


liver as the standard. 
Results 


The results of tive different series are averaged in Table [. On the basal 
ration feather development of the chicks was poor and the growth rate was 
retarded. As solubilized liver was ted in inereasing amounts (which corre- 
spondingly increased the folic acid level of the ration), the rate of growth 
and feather development likewise increased. As reported previously (3) 
the Superfiltrol eluate (Groups 6 to 8) gave results nearly equal to those 
obtained with the solubilized liver. Crroups 13 to 22 show the results ot 


Salts 5, a modification of Salts 4 (5), 1s composed of the following 


C'aCO,; HOO 

KoHPO, 645 | 1.6 
5149 VInsSO,- 15.8 
MesSO,-7H.O 204 ZnCl, 
NaC] 335 0.6 


When fed at 6 per cent, this mixture supplies 100 parts per million of manganese. 
? The Superfiltrol was obtained from the Filtrol Corporation, 315 West Fifth 


Street, Los Angeles. 
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TaBLE 


Growth and Feathe ring of Chicks Compared Ae ca" (onte pid of Supplements 


beather 


uy very 
od 
( 
No supplement » () 
0.29 solubilized lives (} PO) 5.0 theo 
3 0.5% 24 78 | 
5 2.0% 24 () | { 
Superfiltrol eluate ~ 0.5%, solulbal IN4 10) | 
ized liver 
ry Superfiltrol eluate ~ 2.5% solubil 
ized liver 
Supertiltrol eluate ~ 5.0% solubil () 255 4) | 
ized liver 5 
0.27% grass juice powde: () 12.5 
1.0% whole liver substances de? I 
Preparation 1 ~ 5% solubilized 22.5 
liver 
14 Preparation 2 ~ 5% solubilized (} 
liver 
liver 
It) Preparation 34 solubilized () 2 
liver { 
Preparation 34 ~ 5%, solubilized JN 
liver 
1S Preparation 52 ~ 45% solubilized () HW) 4 
liver 
Preparation SSA ~ 5° solutnlized ) i) 
liver 
Preparation 67 ~ 5°) solubilized + | 
liver 
ZI Preparation 72 106% solubilized ( 
liver 
Preparation 73 ~ 10%, solubilized 5.3 
liver 
25 Superfiltrol eluate ~ solubalized 240 51.0 4 
liver 
* Since folic acid has not been completely purified, assay values are computed by ( 
the method of Mitchell and Snell (S) on the basis of mater poreney of 
10,000 compared to solubilized liver, the st indard, having a “‘potenev | | 
t Biotin coneentrate NI \ No. 1000) was in place of kidnes residue in the 


last four groups. 
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the fractionation of the Superfiltrol eluate of solubilized liver into purer 
preparations. Several of the preparations gave inconclusive results (as 
indicated in the scheme) and for the sake of brevity the results from 
feeding these tractions are omitted trom Table I. 

Evidence for Factor Essential for Feather Development and Distinet from 
Folie Acid — When grass juice powder was fed (Groups 9 to LL), it was found 
that neither growth nor feathering was improved as rapidly as would be 
expected from the tolie acid content (compare with Groups | to 8). For 
example, if the chicks receiving 0.5 per cent of solubilized liver and 0.27 
per cent of grass juice powder (Groups 3 and 9) are compared, it may be 
seen that although the chicks in each group received the same amount of 
folic acid those getting the solubilized liver showed better feather develop- 
ment and grew 73 g@m. more than the group of chicks receiving the grass 
juice powder, 

Likewise, whole liver substance (Caoup 12), when fed at | per cent, sup- 
plied 10 times as much folic acid as 0.2 per cent of solubilized liver (Group 
2) and vet feather development was poorer in the chicks reeeiving the 
whole liver substance. (It should be emphasized that whole liver sub- 
stance when fed at higher levels, 5 per cent or above, is a complete supple- 
ment to the basal ration and supplies all of the unknown factors in optimal 
amounts.) Preparations | and 2 (Groups 13 and 14) supphed an equal 
amount of folic acid and vet Preparation 2 gave superior feathering. When 
Preparation 30 was fed (Group 15), good feathers were formed, contrary to 
the results obtained with Preparation 33 (Curoup 16) whieh did not improve 
feathering over that with the basal ration (Garoup 1) to any degree in spite 
of its supplving LO y more ot tolie acid per LOO gm. of ration than the former 
fraction. Chicks in the next group (reeeiving Preparation 34) had ap- 
proximately the same amount of tolic acid as chicks receiving Preparation 
33 (Group 16) but feathered verv well and grew maximally. The records 
of Groups 20 to 22 also show that there is no correlation between folie acid 
content of the diet and feather development. 

Thus, it is demonstrated that the solubilized liver and the Superfiltrol 
eluate of solubilized liver contain a factor necessary for proper feathering 
distinet trom aeid. 

hide for Second Factor Nee for (rrouwth and Destinet from the 
Feather Factor and Folie Acid he growth rate ot some of the ehieks did 
not correlate with either the tohe acid content of the ration or teather 
development. This is evident when Groups 6, 9, and 19 are compared 


with each other, since in each case the feather development was similar. 
Chicks in Group 6 received only 4.5 y of folic acid per LOO gm. of ration and 
weighed IS4 gm. at 4 weeks, while chicks in Group 9 had 12.5 y of folie acid 
per LOO gm. of ration and weighed only L58 gm. Chicks receiving Prepara- 
tion SSA (Group 19) had one-sixth of the amount of fohe acid in their 
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ration as chicks in Group Y, and vet thev weighed 38 gm. more at the end 
of 4 weeks. 

Likewise, in Groups 20, 21, and 22, in which the feathering was the same, 
the growth rate of the chicks and the folie acid content of the ration could 
not be correlated. The growth obtained with a supplement supplving 5.3 
y of folic acid per 100 gm. (Group 22) was as good as the growth obtained 
with a supplement supplving 25 y of folic acid per 100 gm. (Group 21), 
whereas an intermediate level of folie acid, 13.8 y (Group 20), had no 
growth-promoting effect. 

Other data (not presented in Table 1) show that this growth factor is not 
adsorbed quite as readily by norit as the factor necessary tor feathering or 
as readily as folie acid. When the norit filtrate of solubilized liver equiva- 
lent to 2.7 per cent was fed, growth of 239 gm. at 4 weeks was obtained 
while feathering was “60.” Only 5 y of folic acid were supplied by this 
supplement. 

Status of Folic Acid in Our Studies Folie acid is the name applied by 
Mitchell, Snell, and Williams (2) to a substance necessary tor the growth 
of Streptococcus lactis R and Lactobacillus caset. 

The question whether or not folic acid itself, as defined by Mitchell et ad., 
is necessary in the diet of the chick cannot be answered tully from our data. 
As ean be seen in Table I, maximum growth was not obtained in chicks 
unless levels were fed equal to, or above, 17.5 y of folic acid (Group 17) per 
100 gm. of ration. This indicates that folie acid may be a third tactor., 
However, this problem cannot be settled conclusively until pure folic acid 
is obtained or until preparations are made which are free of folic acid and 
vet supply maximum growth. | 

It has been reported by Hutchings ef a/. (7) that an inactive ethyl ester 
of folic acid was made by treatment with ethyl alcohol (acid) at room 
temperature. Since the preparation of our fractions involves the use of 
various concentrations of ethyl aleohol, the possibility arose that it was not 
correct to compare growth results of the chick with the foe acid content of 
the supplement, as determined by the bacterial assay. ‘To determine 
whether or not this ester formation took place, the amount of folic acid 
recovered in the purified fractions was compared to the folic acid content of 
the starting material. In all eases at least 70 per cent of the folic acid may 
be accounted for in this manner. The loss is probably due to acid de- 
struction (7). 

Further proof that ester formation was not concerned here was seen when 
a few representative alcohol fractions were hydrolyzed with 1 per cent 
ammonia on a steam bath for 1 hour. It was found that the folic acid 
content did not increase upon hydrolysis. We have assumed, therefore, 


that all the folic acid that is available to the chick in the aleohol fractions — 


is measured by the bacterial assay. 
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Other Results— Chicks receiving the basal ration occasionally develop a 
typical paralysis in 3 to 5 weeks. An affeeted chick becomes very weak, 
as evidenced by its trembling body and wings. In severe cases the chick 
will lie helpless on its side unless aided to its feet, in which case it is able to 
stand and move about unaided for a short while. Death eventually ensues. 
This paralysis is similar to the second and third stages of a paralysis de- 
scribed by Jukes and Babeock (9) in 1988. 

All the chieks on the basal ration become anemic (3), especially those 
with the paralysis. As vet we have not been able to determine which of the 
unknown factors, or combination of unknown factors, will prevent either 
the anemic condition or the paralysis. 

When the Superfiltrol eluate is fed in addition to the basal ration con- 
taining a biotin concentrate (supplying 15 y of biotin per 100 gm.) in place 
of kidney residue (Group 23), the weight obtained is not quite maximum 
although growth appears to be “normal” in all respects. The reason for 
this difference in growth is obscure but suggests that the biotin concentrate 
is lacking in another unidentified factor contained in the kidney residue, 
or it may be that the eluate when fed equivalent to 5 per cent supphes a 
suboptimal amount of the unknown factors when the kidney residue is 
removed from the ration. 

Perosis, or slipped tendon, appears occasionally in chieks receiving 
various fractions of the Superfiltrol eluate in spite of ample choline, biotin, 
and manganese in the ration. This confirms the results of Richardson, 
Hogan, and Miller (10), who reported the presence of a fourth dietary factor 
concerned in the prevention of perosis found in an eluate of a fullers’ earth 
adsorbate of a water extract of beet liver. On our ration 2 per cent of 
solubilized liver gave complete protection against perosis. 

Distribution of Unknown Factors’ ~The distribution of the unknown fac- 
tors, taken as a whole, has been determined by feeding chicks various 
products with the basal ration and comparing the growth results with those 
obtained with solubilized liver. Of the substances tested, liver and brew- 
ers’ veast are the best sources, adequate at 5 per cent of the diet. Linseed 
ol meal, sov bean oil meal, alfalfa leaf meal, and grass are comparatively 
good sources. Wheat middlings and wheat bran are fair sources, while 
vellow corn, skim milk powder, fish-meal, tankage, and oats are relatively 
poor sources. 


DISCUSSION 


The properties of the tactors discussed in this paper are similar to the 
properties of unknown chick faetors of other laboratories. Stokstad and 
Manning (11), in 1938, using a semipurified diet, deseribed an unknown 
growth factor in veast, factor U, which was adsorbed by tullers’ earth at an 


*We wish to thank Mr. R. C. Mills for his assistanee in this phase of the work. 
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acid pH and was insoluble in various fat solvents. The existence ot a factor 
necessary for proper hemoglobin formation (vitamin B,) has been reported 
by Hogan and Parrott (12), although a recent paper from the Missouri 
laboratory (13), by Richardson, Hogan, and Karrasch, does not report the 
presence of anemia in chicks receiving a basal ration containing all the 
known factors recognized at the present time and low in the unrecognized 
vitamins. A liver concentrate was used as a souree of the unknown vita- 
mins. Schumacher, Heuser, and Norris, in 1940 (14), presented evidence 
to show that chicks require two unknown aleohol-insoluble factors, R and 
S, present in veast and necessary for growth. Record and Bethke (15), 
however, have shown that choline increases the rate of growth of chicks 
recelving rations deficient in factors R and 3S. 

Recent work has shown the existence of a factor, or factors, necessary for 
proper feather development which may be related to our teather factor. 
For example, Record and Bethke (15) reported that the poor feathering 
obtained on a basal ration similar to that used by the Cornell workers was 
made normal by the addition of choline and factor R. This suggests a 
relationship between tactor Ro and our feather factor, although Schumacher 
et al. (14) report that no muaeroscopic svmptoms other than poor growth 
were produced on their rations deficient in factors R and SS. MfeGuinnis, 
Norris, and Heuser (16) have shown that Rhode Island Red chicks on a 
semipurified diet (similar to that used by Record and Bethke) supple- 
mented with many of the known vitamins require a tactor present in veast 
for proper feather development and pigmentation. That pork liver con- 
tains a factor, or taectors, necessary for complete feathering has also been 
reported by Sullivan, Reeves, Bloom, and Rateike (17) using « ration 
consisting largely of grain products which, when ted alone, caused poor 
feathering. Fuller and Wileke have recently studied the effect of cereal 
grains on feather growth and have reviewed this subject (1S). 

The tactor necessary tor feathering in our ration found in the liver 
concentrates should not be contused with other tactors shown to be neces- 
sary for proper feather formation, namely arginine and glveine (19), 
supplied in our basal ration by the gelatin. That the two deficiencies are 
distinct has been previously shown (3). 

The question may be raised whether or not one of the unknown factors 
Is p-uaminobenzoie acid. From data which we have presented elsewhere 
(20) we have coneluded that p-aminobenzoic acid is not in itself needed by 
the chick in spite of the fact that large amounts (5 to 15 mg. per 100 gm. of 
ration) did give a noticeable growth and feathering response when fed in 
addition to the basal ration. When p-aminobenzoic acid was fed at a 
level corresponding to that in 2 per cent of solubilized liver, no response in 


growth was noticed. Therefore, if p-aminobenzoie acid is needed, it would 
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be necessary only at very low levels when fed in combination with other 
factors. 

Because the factors mentioned in this paper have all the properties com- 
mon to vitamins of the vitamin B complex, we have assigned, until chemical 
identification can be established, the name of vitamin By to the factor 
necessary for feather development and vitamin B,, to the factor necessary 
forgrowth. These numbers, By) and By, have been seleeted because there 
are, at the present time, nine vitamins of the B complex concerned in chick 
nutrition, seven of which have been well established as necessary; namely, 
thiamine, riboflavin, pantothenic acid, choline, nicotinie acid, pyridoxine, 
and biotin. The two other members, inositol and folie acid, appear to be 
necessary for the chick. The relationship of these factors, vitamin By 
and By;, tocthe chick factors of other workers mentioned previously 1s 
dificult to determine although in general the chemical properties are simi- 
lar. Further experimental work must be done to answer this question fully 
and to determine whether or not these factors are needed by other animals. 
Work on the chemistry of these factors and their further separation, now In 
progress, Will appear later. 


SUMMARY 


In work with chicks, with a purified ration, it is possible to demonstrate 
the existence of two necessary dietary factors in liver and other materials 
distinct from folie acid. Both of these factors are soluble in water, ad- 
sorbed on norit and Superfiltrol at pil 3, eluted with a mixture of water, 
aleohol, and ammonia, and separated partially by tractional precipitations 
with ethyl aleohol. The tactors are distinguished as follows: 

lL. One tactor is essential for proper feather development in the chick. 

2. \ second factor is necessary tor growth but is not active in producing 
normal teathers. 

These factors have been named vitamin By) (the feather factor) and 
Vitamin 1,, (the growth faetor) until chemical identification is established. 
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THE ABSORPTION SPECTRA OF HEMOGLOBIN AND ITS 
DERIVATIVES IN THE VISIBLE AND NEAR 
INFRA-RED REGIONS 


By B. L. HORECKER 


(From the Division of Industrial Hygiene, National Institute of Health, 
Bethesda, Maryland) 


teceived for publication, December 3, 1942) 


Since the pioneering investigations of Vierordt and of Hiifner and his 
group, numerous reports on the absorption spectra of hemoglobin and its 
derivatives have appeared in the literature. A detailed summary of these 
reports is to be found in Heilmever’s monograph (1). For the most part 
these investigations have been confined to the visible portion of the spee- 
trum, although in a few eases the observations were extended into the ul- 
traviolet. The near infra-red, however, bas been singularly neglected, 
despite the fact that as early as LOLt Hartridge and Hill (2) published some 
qualitative results indicating the presence of an interesting oxyhemoglobin 
band in this region. : 

In this laboratory, it became necessary to develop i rapid and securate 
spectroscopre method for the estimation of carbon monoxide in blood which 
could be adapted to a simple portable instrument. The visible portion of 
the spectrum proved unsuitable for this purpose, since the character of the 
oxvhemoglobin and carbonvlhemoglobin bands in this region require the 
use of narrower spectral regions than ean conveniently be isolated in such 
an instrument. The infra-red spectra were investigated in the hope that 
more stultable absorption bands might be found. 

The speetrophotometric data for the vartous hemoglobin derivatives 
which may be found in the literature are characterized by diserepancies 
with respect to the absolute values of the absorption coefficients, depending 
upon the hemoglobin preparations examined, the analvtical methods used, 
and the dispersing power of the spectrophotometers emploved by the var1- 
ous investigators. Since the precision of any spectrophotometrie method 
of analysis depends upon the accuracy with which the corresponding ab- 
sorption coeflicients are known, a redetermination of these coefhierents was 
undertaken. The objeetives of this investigation were to determine as 
accurately as possible the absorption coefficients of various hemoglobin 
derivatives in whole hemolyzed human blood and to compare these with 
constants obtained with pure hemoglobin, in order that the contribution 
of hemoglobin to the absorption of whole blood might be evaluated. A 
similar study was made of the spectra of these substances in the near infra- 
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red region trom 7000 to 10,000 A. The new absorption bands found in 
this region promise to be extremely useful for analytical work. 

According to the Lambert-Beer Law, the specific absorption coctticients 
of an absorbing material mav be defined by the equation, 


- = acl 


where Jy = intensity of incident light 
{ = transmitted light 
/ = Jength of light path through solution 
f = concentration of absorbing material 
a = specific absorption coefficient 


This relationship is valid only when monochromatic light is used and pro- 
vided that the material investigated contains no absorbing impurities, 
With instruments available at the present time, sufficiently narrow wave- 
length intervals can be isolated to permit the determination of accurate 
absorption coefficients. Much greater difficulty has been encountered in 
preparing pure hemoglobin and in establishing adequate criteria for its 
purity. The earlier workers (3-7) emploved crystalline hemoglobin. pre- 
pared by alcohol precipitation or other means, and estimated the concen- 
tration from the dry weight of the ervstals. It is now generally recognized, 
however, that crystallinity in the case of proteins is no assurance of homoge- 
neity (8); other criteria for purity must be applied. 

With the development of precise gasometric methods by Van Slyke and 
his coworkers, it became possible to determine accurately the concentration 
of hemoglobin in solution and in whole blood. Using this method of analy- 
sis, Neweomer (9) and, more recently, Kennedy (10) determined the ab- 
sorption of oxvhemoglobin and carbonvlhemoglobin in hemolvzed human 
and dog blood. In each case, however, only the concentration of active 
hemoglobin (HbQO.) was measured; the contribution of other blood com- 
ponents, including other hemoglobin derivatives, to the total light absorp- 
tion was not evaluated. The same is true, to a lesser extent, of the work 
of Drabkin and Austin (11), although these workers demonstrated that 
absorption constants obtained from washed, hemolvzed ervthroevtes are 
highly reproducible. The effeetive slit width obtained with the instru- 
ments used by Kennedy and by Drabkin and Austin was about 30 A. in 
the green and 50 A. in the vellow. Measurable differences bet ween the ab- 
sorption curves of these authors and the present writer may be attributable 
to the fact that in the present paper narrower slits are used, 7 to 12.5 
A., in the visible spectrum. The narrower slit vields the more precisely 
defined absorption constants. 

The first important measurements in the infra-red were made by Merkel- 


bach (12) in 1935. Tle found oxvhemoglobin to have a broad absorption 
band with a maximum at about 9100 A., while carbonyvlhemoglobin had 
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practically no absorption in the infra-red. A small portion of the intra- 
red spectrum has also been deseribed by Sidwell, Munch, Barron, and 
Hogness (15). Although they report a band for reduced hemoglobin at 
7550 A.. their observations did not extend bevond 7700 ‘A.: thus they 
failed to observe the oxvhemoglobin band. Carbonvlhemoglobin was 
not examined, 

EXPERIMENTAL 


Preparation of Purcticd Hemoglobin Purified hemoglobin was prepared 
from enlt blood the method ot Altsehul, Sidwell, and Hlogness (14), 
involving treatment with aluminum hydroxide gel. This method was 
selected because hemoglobin solutions so prepared showed, at low O, ten- 
sions, 2 higher affinity for oxvgen than did any other preparations, inelud- 
ing hemoglobin ervstallized by the method of Heidelberger. The percent- 
age saturation of hemoglobin with oxygen at low O:, tension was used by 
these investigators as a criterion of purity, in accordance with their finding 
that impurities lowered the percentage saturation. 

Prom 500 ce. of whole calf blood about 300 ce. of a clear red solution are 
obtained, having about one-half the hemoglobin content of the original 
hlood., 

Determination of Purity The concentration ot active hemoglobin was 
determined on 2.0 ec. samples by the carbon monoxide capacity method of 
Van Slvke and Hiller (15). Some preparations were also analyzed for 
methemoglobin by determination of the carbon monoxide capacity after 
reduction with sodium hydrostulfite. Sinee the values for total hemoglobin 
obtained in this wav alwavs agreed closely with values calculated from the 
dry weight of the preparations, this determination was found to be un- 
necessary. Dry weight determinations were made by evaporating ali- 
quots of the solution to constant weight at 100-105°. From the dry weight 
the total hemoglobin concentration was caleulated, with 66,800 as the 
molecular weight. “This value, exleulated by Svedberg and Fahraeus (16) 
from sedimentation measurements, agrees well with 67,000 calculated bv 
Adair (17) trom osmotic pressure data and 66,000 calculated by Morrison 
and Hisey (1S) trom the tron content and gas capacitv. The following ts 
i tvpreal npalvsts of a hemoglobin solution purified by the above method. 
The assumption ts made that hemoglobin has four iron-containing groups 
and that thr equivalent weight is one-fourth the molecular weight. 


_ equivalents HbO, 


Drv weight mg. per ce 10 
« 
equivalents 
coneentration from CO eapacitvy = 4.99 10° 
Ce. 
equivalents 
Potal [lb coneentration trom CO Capacity wo lO 
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The sample thus contains only 0.6 per cent of methemoglobin and no other 
impurities. 

The term equivalent is here used to indicate the amount of hemoglobin 
which contains 1 gm. atom of Fe and combines with 1 gm. molecule of 0, 
or CO. 1 equivalent of hemoglobin is assumed to be 66,800/4, or 16,700 
gm. <A concentration of 1 & 10°-° equivalent is 16.7 mg. of hemoglobin 
per ce. 

Stability of Pure Hemoglobin Preparations Vhe hemoglobin solutions 
obtained could be stored in the refrigerator for over a month with no ap- 
parent decrease in their carbon monoxide-combining power. “Che absorp- 
tion spectrum in the visible region of the spectrum also remained un- 
changed. After a week or two, however, the preparations began to show 
evidence of an absorption band at 8200 A. which was absent in the fresh 
preparations, and which increased in intensity with the age of the prepara- 
tion. The position of this band would indicate that the preparations were 
becoming contaminated with methemoglobin, despite the fact that the 
Van Slyke analysis showed no decrease in the active hemoglobin content. 
In practice, preparations were discarded at the first appearance of this 
band. 

Preparation of Solutions— The absorption spectra of oxvhemoglobin 
(HbOs) and carbonvlhemoglobin (HbCO) were determined with pure ealf 
hemoglobin. For the visible spectrum the stock solution was diluted 1:50. 
For the infra-red spectrum the stock solution was diluted 1:2. All meas- 
urements were made in a cell of length 0.500 em. The dilutions were 
made in borate buffer of pH 9.2 to a final buffer concentration of O.1 M. 
Carbonvlhemoglobin was prepared by equilibrating the diluted solutions 
in a rotating tonometer through which pure carbon monoxide was passed 
for 20 to 30 minutes. The absorption cell was then filled with carbon 
monoxide gas and the solutions transterred directly trom the tonometer to 
the cell without exposure to air. 

From hemolvzed human blood, solutions were prepared for the determi- 
nation of the spectra of reduced hemoglobin (Hb), alkaline and acid methe- 
moglobin (MIHb), and metevanhemoglobin (MIEbCN), as well as and 
HbCO. The hemoglobin concentration was determined on the whole un- 
hemolyzed blood samples by the QO. capacity method of Sendroy ((15) p. 
338). For the determination of the infra-red spectra of HbO., HbCO, and 
Hb, the blood was diluted 1:5 with saponin and borate buffer, plT 9.2, to 
a final saponin concentration of 0.3 per cent and a final buffer concentration 
of 0.02mM. A portion of this solution was saturated with CO as described 
above. A second portion was washed with pure No in a rotating tonometer 
until the violet color of reduced hemoglobin was produced. The solution 
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1. Absorption spectra of HbO, and HbCO in the visible region. 
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and II represent absorption constants obtained from pure calf hemoglobin for HbO, 
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Absorption spectra of HbO, and HbCO in the infra-red region. 
and la represent HbO. in hemolyzed human blood and pure calf hemoglobin, respec- 
Curves Il and Ila represent HbCO in hemolyzed human blood and pure ealf 
hemoglobin, respectively. 


O and @ represent constants for HbO, and HbCO, respee- 
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was then transferred directly from the tonometer into an absorption cell 
filled with pure Ne and containing a trace of dry Na2S.O, to insure complete 
reduction. For the visible spectra the blood diluted 1:5 was further di- 
luted with 24 volumes of 0.01 mM borate buffer to a final dilution of 1:125. 
From this solution, HbCO and Hb were prepared as above. 

For the preparation of acid and alkaline methemoglobin, blood was 
hemolyzed with saponin and treated with a 6-fold excess of K3Fe(CN)e. 
The mixture was then buffered with either phosphate or borate buffer and 
diluted with water to 5 times the volume of the original blood sample. 
The saponin concentration was then 0.3 per cent and the buffer concentra- 
tion was 0.05M. For the visible spectra 1 ce. of each of these solutions 
was further diluted to 25 ec. with 0.02 m buffer. The pH of each solution 
was measured with the glass electrode and is indicated in Table I. From 
the borate-butfered solutions MITbCN was prepared by the addition of a 
small amount of solid KCN. 

Visible and Infra-Red Absorption Spectra—The absorption measurements 
were made on an atitomatic recording speetrophotometer constructed in 
this laboratory by B.S. Brackett and J. B. H. Kuper. This instrument ts 
essentially similar in construction to the one deseribed by them in 1940 
(19), but extending into the infra-red to 10,000 A. The effective slit 
widths at various wave-lengths are as follows: 


Wave-length, .4 4000 S000 GO00 7000 8000 9000 10,000 


‘ 


Slit width. A 7 12.5 25 70 140 


The values of incident and transmitted light intensity were read from 
curves Obtained on photographic paper. The concentration of hemoglobin 
was determined as deseribed above and the values of the specifie absorption 
coefiicients caleulated from the relation 


Logie 


cl 


cis given in equivalents per ec. and /in em. The units of @ are then sq. 
em. per equivalent. 

The absorption spectra are plotted in Figs. 1 to 4. 

In each instance, the constants are the average values obtained from at 
least two hemoglobin preparations or blood samples. In Table I are 
summarized the values of the absorption constants at the maxima and 


minima, showing the spread of the determinations. 
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TABLE | 


Absorption Constants for Hemoglobin Derivatives 


Specific absorption constants, 


sq.cm., 
Source Substance ax 10-+( 
Average High Low 
A. 
Pure calf hemoglobin HbO, (5100 5.19 5.28 5.11 
2 ) 5400 15.0 15.1 14.8 
5600 S.SS 9.06 8.76 
- 5765 16.0 15.8 
0.064 ).069 0.061 
Q200 0.274 0.279 0.268 
Hbco 5000 5.50 5.54 5.46 
53875 15.0 15.2 14.9 
5560 111.9 | 12.0 | 11.8 
15.0 15.2 14.9 
3 9200 0.004 0.005 0.004 
Hemolyzed human blood 5100 5.07 5.12 9. 00 
5400 15.0 15.2 14.8 
5765 16.0 16.3 15.8 
7000 0.093 0.097 0.089 | 
9200 0.2906 0.299 0.292 | 
+6 HbCo 5000 5.44 5.34 5.56 
}5375 | (14.8 15.0 14.6 
5550 11.9 11.5 
5680 15.1 14.6 | 
{ 9200 0.010 0.011 0.010 | 
‘4 Hb 4800 3.50 | 3.52 | 3.49 | 
5550 13.8 13.5 
7310 0.3510 0.336 0.302 
0.395 0.417 0.376 
S400 0.179 0.190 0.169 
9000 0.198 0.206 0.190 
MHbCN | 5040 7.03 7.11 6.95 
> |11.0 |11.4 | 10.8 
3 S000 0.033 0.036 0.039 
MUb 5100 7.18 739 7.06 
7.68 7.76 7.56 
5770 8.51 8.61 8.37 
‘6850 0.297 0.306 0.288 
{7200 0.336 | 0.341 | 0.331 
8175 0.525 0.526 0.524 
9400 0.259 0.263 0.255 
(4700 | 7.72 | 7.93 | 7.45 | 
5000 9.47 9.65 9.23 
3.01 3.09 2.88 
6200 3.68 3.75 3.58 | 
38 {7000 0.151 0.158 0.139 
9800 0.794 Q.804 0.788 
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TABLE I—Concluded 
* pH = 9.18, 9.20, 9.12. 
+ pH = 8.88, 8.92. 
t pH = 6.29, 6.32, 6.51. 
§ pH = 6.72, 6.30, 6.44. 


DISCUSSION 


It is shown in Fig. | that there is no perceptible difference in the visible 
region between the absorption spectra obtained from hemolyzed human 
blood and pure calf hemoglobin. It may therefore be concluded that 
other blood constituents make a negligible contribution to the light ab- 
sorption of hemolyzed blood in this region. The results also bear out the 
previous findings of Drabkin and Austin (11) and others with regard to the 
spectroscopic identity of the hemoglobins of various mammalian species. 

In the infra-red region, where the absorption of hemoglobin is much less 
intense, Whole blood absorbs appreciably more than does pure hemoglobin 
(see Fig. 2). This difference may be attributed to the absorption of light 
by other blood constituents and to seattering of light by suspended material 
such as lipids and cell fragments. At the high dilutions used for the visible 
measurements the contribution of these materials is negligible. It is note- 
worthy that no special precautions were taken in the collection of the blood 
samples. ‘The individuals were not required to fast before the venipune- 
tures were made, the only limitation being that no samples were taken for 
several hours after lunch. 

The broad absorption band of oxvhemoglobim in the infra-red, together 
with the almost complete lack of absorption by carbonylhemoglobin, makes 
this region ideally suited for the determination of the CO content of blood. 
In any spectral interval beyond about 7500 A., the presence of HbCO will 
produce « marked decrease in the total absorption. The total hemoglobin — 
concentration may be determined, independent of the presence or absence 
of CO, in the neighborhood of the isobestie point at 4965 A. The concen- 
tration of I1bO. may be calculated from the infra-red absorption and the 
concentration of CQ computed by subtracting HbOs» from total hemoglobin. 

In order to eliminate the effeet of reduced hemoglobin, which will usually 
be present in the samples diluted 1:5 if blood is colleeted by venipuncture, 
the spectral region in the infra-red may be so selected that the oxyhemo- 
globin and reduced hemoglobin have the same absorption. An examina- 
tion of Fig. 4 will show that the isobestie point for these substances lies at 
about S000 A, 

The two measurements deseribed above are sufficient if only two hemo- 
globin derivatives, HbOs and HbCO, are present. For this purpose Hb 
and HbO , may be considered identical, since they will absorb alike in the 
infra-red and Hb will be converted to HbO, at the high dilutions required 
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for the determination at 4965 A. If, however, a third eomponent, such as 
MUHhb, is present, a third measurement is necessary tor the evaluation of 
the HbCO, HbOc, and MHb concentrations. The required data may be 
obtained from the absorption at a third spectral interval, such as that 
around 6400 A., or by repeating the absorption measurement at SOOO A, 
after the sample is saturated with CQ. 

In this laboratory we have developed a portable photoelectric instrument 
for the determination of carbon monoxide in blood which is based on the 
principles outlined above. With this device, the carbon monoxide content 
of human blood ean be rapidly and conveniently determined with an error 
of less than 1 per cent HbCO. The details of construction and operation 
of this instrument will be described in a subsequent publication. 


SUMMARY 


The visible and infra-red absorption spectra of oxvhemoglobin, carbonyl- 
hemoglobin, reduced hemoglobin, methemoglobin, and metevanhemo- 
globin have been determined. Several new bands in the intra-red are 
described. 

The absorption spectra of oxvhemoglobin and carbonyvlhemoglobin in 
hemolyzed human blood are identical with those obtained from pure calf 
hemoglobin in the visible region of the spectrum. In the infra-red the 
whole hemolyzed blood has a somewhat higher absorption. 

A method of evaluating the absolute purity of purified hemoglobin prep- 
arations is described. 

A simple spectrophotometric method tor determining the CQO and 
methemoglobin contents of blood is indicated. 


The author is indebted to Dr. F. S. Brackett for his constant interest and 
valuable suggestions, to Mr. IT. W. Allen tor technical assistance in the 
spectrophotometric measurements, to Mr. Ic. R. Mitchell for the Van Slyke 
determinations on human blood, and to his associates in the Division of 
Industrial Hygiene who were kind enough to furnish the blood samples. 
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A SIMPLE METHOD FOR THE APPROXIMATE ESTIMATION OF 
THE ISORLECTRIC POINT OF SOLUBLE PROTEINS 
By WERNER G. JAFFE 
(From the Department of Chemistry, Biochemical Institute, Caracas-Los Rosales, 
Venezuela) 
(Received for publication, January 22, 1943) 

The precise determination of the isoelectric point of proteins is time- 
consuming and requires the use of special apparatus. The simple procedure 
here described may be carried out in a few minutes and requires no special 


equipment. 
TABLE I 

Estimations of Isoelectric Points of Soluble Proteins 

Protein pH for inception of pptn. 
Pepsin 2.7-3 1.7 
Casein | 4.6 4.4 
Ovalbumin 4.9 4.2 
Hemoglobin 6.7 6.7 
Papain 9 (About) 8.6 


In the course of a study of the antiseptic activity of cationic detergents 
“invert soaps’’) Kuhn and Bielig (1) observed that these salts precipitate 
proteins In their anionic form. ‘This precipitation should, with ascending 
levels of pH, set in at the isoelectric point. 


EXPERIMENTAL 

A series of buffers is prepared at intervals of 0.2 on the pH seale. To 2 
ee, of cach butter solution there are added 5 drops of a O.L per cent solution 
of a suitable cationic wetting agent, such as a mixture of higher alkyldi- 
methvibenzvlanumnonium chlorides,’ and enough of an aqueous solution of 
the protein to be tested to give a final protein concentration of about 10 
mg. perce. The pH of the most acid mixture to vield a precipitate is the 
indicated isoelectric point. Any change in pH produced by the addition of 
detergent and protein solutions may be neglected unless the protein had 
heen dissolved in acid or alkali. In such a case the pH of the final mixture 
should be verified potentiometrically. 

In Table [T are summarized the results of tests thus performed. The 
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butters employed were phosphate-citrate mixtures prepared according to 
the directions of MeIlvaine (2). The pH values of the final mixtures were 
checked with the quinhyvdrone electrode. 


SUMMARY 


The isoelectric points of soluble proteins can be roughly determined by 
noting the lowest pH level at which precipitates are formed with cationic 
detergents. 
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THE EQUILIBRIUM BETWEEN CALCIUM AND CEPHALIN IN 
VARIOUS SYSTEMS 


By NANCY DRINKER ano HANS H. ZINSSER 
(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
(niversity, New York) 


‘Received for publieation, October 15, 1942) 


The base-binding capacity of aqueous cephalin suspensions has been 
demonstrated for various inorganic cations (1-3) and for certain organic 
bases (4). Cephalin, in suspension, is capable of binding 0.6 mole of 
Nat or Kt per mole at neutrality, and in general does not behave as an 
amphoteric compound (2). On the other hand, a marked contrast in its 
behavior with Ca** and with univalent cations respectively can be inferred 
from films (5) and suspensions (3, 6). 

It was felt that, as normal human serum contains 30 to 70 mg. per cent 
of free cephalin (7), the calcium-binding power of cephalin should be in- 
vestigated. Serum proteins, which have been shown to bind ecaleium (8), 
are accompanied to varying extents by electrophoretically inseparable phos- 
pholipids (9), and the fractions highest in lipid (10) have the highest cal- 
cum-binding ability (11). Horse serum albumin, which apparently loses 
its associated lipid during recrvstallization (12), has only a slight calcium- 
binding capacity (8). It appeared possible that the association of phos- 
pholipid with protein might influence its dissociation. In the study here 
reported the reactions of calcium with cephalin alone and with cephalin 
in the presence of protein have been explored. 


EXNPERIMENTAL 


Preparation of Cephalin 5 pounds of beet brains were successively 
treated twice with acetone and twice with petroleum ether in 3 liter lots. 
The petroleum ether solution was concentrated under nitrogen in vacuo, 
allowed to stand in the ice box overnight, and then centrituged in the cold 
to remove the cerebrosides. This process was repeated until no more 
cerebrosides could be separated. The mixed phosphatides in the resulting 
solution were precipitated with acetone, shaken with saline to remove 
water-soluble impurities, and redissolved in petroleum ether. Cephalin 
was obtained by repeated preeipitation from petroleum ether solution with 
cold 95 per cent ethanol. It was then dried 7m vacuo and stored under 
nitrogen in the ice box. Analvsis, P 3.43, N 1.55, N:P 1.00, amino N 
149, amino acid N (13) 0.60, Ca (14) 0.5. 

Emulsification— Cephalin prepared as deseribed was weighed out ina 
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dry 15 ec. centrifuge tube, and to this was added a measured amount of 
isotonic Ringer’s solution, as modified by MeLean and Hastings (15), eon- 
taining a known concentration of caleium chloride. This was subjected to 
prolonged stirring at 1500 to 2000 R.p.mM. with a tapered glass rod. Before 
use in the frog heart, the emulsions were saturated with a 5 per cent CO.- 
95 per cent O2 mixture, which brought the pH to 7.4.) Age had no notiee- 
able effect on the caleitum-combining capacity of these emulsions. 

The fine, quite stable emulsions vielded precipitates on centrifugation 
only when the cephalin concentration exceeded 1.5 per cent; this was taken 
as the upper limit for valia results in these investigations. An emulsion 
containing 2.04 per cent cephalin in a 2.0 mM solution of caleium chloride 
was allowed to stand in the ice box overnight and then centrifuged. As 
the caletum content of the resulting precipitate was no greater than that 
of the originally purified ecephalin, the precipitation was ascribed to the 
excessive cephalin concentration and not to the formation of an insoluble 
ealcium cephalinate. 

Ultrafiltration —U Itrafiltration was carried out according to the method 
of Benjamin and Hess (16), except that viscose membranes were used in 
place of collodion. Cephalin emulsions in modified Ringer’s solution of 
known calcium concentration were subjected to ultrafiltration at 180 mm. 
ot Hg pressure for 4 to 5 hours. The filtrate was then analyzed for calcium 
by the method of Clark and Collip (14)... No phosphorus was obtained in 
the filtrates. 

Ion Concentrations —Vhe caletum ion concentrations of the 
emulsions were determined by the frog heart method. An emulsion of 
cephalin in calcium-free Ringer’s solution contained no ionized caleium. 

Protein The material used was a mixture of httman serum) proteins, 
consisting mainiv of a- and 3-globulins, as determined by electrophoresis. 
It was dialvzed against calcium-free Ringer’s solution and then filtered to 
remove fibrin. The resulting solution contained 1.96 mg. of calcium and 
9 mg. of phospholipid per gm. of protein. Known amounts of ealcium 
chloride were added to obtain appropriate total calcium concentrations. 
Calcium ion determinations were made by the frog heart method, and total 
protein was determined by the Kjeldahl method with the conversion factor 
6.25. Known amounts of cephalin were added to solutions of protein of 
known concentration and emulsified as deseribed above. 


Results and Comments 


Action of Phos phatide S on Frog Heart The calcium concentration it) 
these experiments has been determined throughout by the frog heart 
method. It has, however, been suggested that phosphatides may cause 
toxie or pressor effects on the isolated heart (17-19) and thus invalidate 
measurements of caleium ion concentration. Clark (18), Kimmelstiel (19), 
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and Eggleton (20) observed independently that lecithin in very dilute emul- 
sion had no action on the fresh frog heart, but that it has a marked restora- 
tive action, characterized by increased amplitude and rate of beat, on the 
heart rendered hypodynamie by prolonged continuous perfusion. The 
present authors observed the same gradual increase in amplitude of beat 
with lecithin and were for that reason unable to estimate calcium ion con- 
centration in lecithin emulsions with the accuracy necessary for deductions 
as to the binding of calcium by lecithin. 

A similar restorative action of cephalin on the hypodynamic heart, re- 
ported by Storm van Leeuwen and von Szent Gy6rgyi (21), has not been 
confirmed. Seheiner (22), Eggleton, and Kimmelstiel demonstrated that 
the introduction of a 1 per cent cephalin emulsion in Ringer’s solution pro- 
duced an immediate drop in the amplitude of the beat, followed by a cessa- 
tion of the beat in diastole. Prompt recovery occurred when Ringer’s 
solution rich in calcium was added. Conversely, the arrest caused by 


TABLE I 
Ultrafiltration of Cephalin 
Temperature 25°, pH 7.40, ultrafiltration at 180 mm. of Hg for 4 to 5 hours. 


108 KCaCeph 


Total cephalin Tota! cephalin Total calcium Filtrable calcium (Equation 2} 
me. perce. mM per i. mM per d. me per i. 
3.44 3.¢9 1.85 0.92 2.83 
6.39 3.40 1.038 1.39 
7.00 2.30 0.37 1.08 
11.638 12.79 4.51 0.47 1.01 


calcium excess could be remedied by the addition of cephalin. In the light 
of the present findings, it seems likely that the addition of cephalin to 
standard Ringer’s solution bound all the available calcium and that the 
arrest in diastole, characteristic of calcium lack, was counteracted by the 
addition of calcium over and above that bound by the cephalin. 

In the experiments here reported, the cephalin was found neither to exert 
an independent toxic effect nor to interfere with the rate or amplitude of 
the beat. Hearts in the presence of calcium-free Ringer’s solution alone 
showed the same diminution in rate and amplitude of beat as those per- 
fused with a calcium-free emulsion of cephalin in Ringer’s solution. 

Ultrafiltration of emulsions of cephalin in Ringer’s solution of varying 
calctum concentration was also carried out. The absence of phosphorus in 
the filtrate showed that cephalin and calcium cephalinate were not diffusible, 
and justifies the assumption that the ultrafiltrable calcium is a measure of 
the calcium not bound to cephalin. These determinations (Table I) agree 
with the results secured by the frog heart method. From this agreement 
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it was concluded that no toxic effect independent of calcium ion reduction 
was present, and that the presence of cephalin in such a system in no way 
affected the accuracy of determination of calcium ion concentrations by 
the frog heart method. 


Calcium-Combining Power of Cephalin Emulsions in Ringer's Solution 
Calcium ion concentration was determined by the frog heart method in 
emulsions of various concentrations of caletum and cephalin. The results, 
given in Vable IT, have been correlated with various mathematical expres- 
sions. Mass law equations in the following forms have been tested. 


|[Ceph 


(1) = 
iCaCeph CaCepha 


where {total Cal — [Ca*t*] = [CaCephe|, and [total cephalin (gm.)]/910 


j 


= {total Ceph], and [total Ceph| 2)CaCephe! = [Ceph |, and 


Ca**}(Ceph 
(2) Ko. 
CaCeph! 

where [total Ceph| — [CaCeph| = [Ceph |. It will be noted that, con- 
sidering cephalin as a univalent ion (I-:quation 1), values of A are obtained 
which increase progressively. On the other hand the A for the divalent 
form is probably as constant as the experimental method warrants (mean, 
1.27 & 10°*%; standard deviation +0.09). The cephalin emulsions persist- 
ently showed a Tyndall effect even though clear to transmitted light, and 
the observed deviations might be indicative of a fallacy in the assumption 
that a substance present as an emulsion can behave stoichiometrically as 
a weakly dissociated electrolyte. An adsorption isotherm of the torm, 


(3) X"/m = ke 
where VY = weight of adsorbed calcium, m = weight of total cephalin, 
X/m = weight of calcium adsorbed per gm. of cephalin, ¢ = Ca unbound, 


and k and n are constants, was found to fit the data far less well than the 
mass law expression for divalent cephalin (Iequation 2). Further justifi- 
cation for the mass law interpretation was obtained trom the correlation of 
these data with the predictions of the modified mass law equation of Creen- 
berg, Larson, and Tufts (25). 

Since Ringer’s solution contains other cations than Ca**, specifically 
Na’, Ke, and Mg*>*, all potentially capable of binding cephalin, a corree- 
tion for their contribution to the apparent diminution in [Ceph | was eal- 
culated from available data (1,2). It is likelv that, as predicted deviations 
are only one-tenth the observed magnitude, the other cations in Ringer's 
solution play a minor réle in the deviations coincident with increasing 


cephalin concentrations. 
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Cephalin As Uni-Bivalent M ixrture-—The finding of partial bivalent base- 
binding properties is in disagreement with data for the reaction with uni- 
valent cations in various solvents (2, 3, 6), but in accerd with the original 

action postulated for calcium and cephalin (24). Variations in samples 


TaBLe Il 
Caleium-Combining Power of Cephalin 


Temperature 25°, pil 7.40. 


Equation 1) Equation 2) 
me. per miu per mu perl mM perl. per cent 
0.40 44 1.30 1.00 23 0.47 
1.45 1.50 1.00 0.33 1.66 
1.43 lL. 1 1.10 +4 0.22 2.43 
3 0S 36 | 20 0.60 1.49 
SO) OS 36 120 10 0.60 1.99 
2.36 1) 5S 0.10 1.27 
58 | 87 60 0.0] 1.26 
an oO Hu 0.56 1.31 
®, 9.25 60 70 2.45 1.62 
5 25 iP 70 2.45 1.62 
1.7 5. Dh 50 1.61 
15 72 60 7S 1.03 1.14 
5 15 79 7s 1.08 1.14 
5.00 H.15 2.é2 0.66 0.89 
7.18 7 33 0.30 2.16 0.87 
7 2.33 30 2 16 O.S7 
71S 70 2 33 0.30 2 16 0). 87 
40 3 09 st 3.15 1.2 
SO IN 4 19 0 >95 ».42 0.72 
SO IN 4 110 <0.20 >95 5.42 0.72 


as to salt and nitrogenous contaminants (25) and possible hvdrolysis pro- 
ducts (24. 26) make interpretation of the present data difficult, but the most 
reasonable evaluation of the data and the observed deviation arises from 
the data of Foleh (27), which would suggest that samples of cephalin, de- 
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pending upon the method of preparation, contain varying proportions of 
the types in which serine and aminoethanol are respectively combined. 
Univalent and bivalent properties may thus coexist in any one sample. To 
determine the apparent combining proportions of calcium and cephalin. 


an equation of the form, 


— ex)? 
= A 


(c) 


where a = [Cat* 


over the range studied. Aegeep,, can be shown to be constant at 14 
x 10% where « = 1.2.) From the analvtical results on this preparation for 


Molar Ratio Ca:Cephalin 


20 50 
5.5, 
$4 
+ | 


55 L_. 
.O} O02 .O4 
Ca Maols per liter 


biG, Titration of cephalin with calcium chloride 


amino N and amino acid N, rough apparent constants can be derived for 
serine and aminoethanol cephalin of the order A, = 4 & 10°? and A, = 
1 10°° respectively. 

Cephalin, emulsified in distilled water, was titrated with neutral 0.085 
M calcium chloride. The pH, determined by means of the glass electrode, 
passed through a minimum when equimolar proportions of the reactants 
were present (Fig. 1). No attempt will here be made to interpret the find- 
ings of this experiment. 


Calctum-Combining Power of Protein 


The caleium-combining power of protein was determined in solutions of 
varving protein and calcium content, and the results are given in ‘Table 
A Was calculated by using the following equations and 


, 6 = [total cephalin|, = [(CaCeph,!, and = the ratio 
of Ceph to Ca in CaCeph,, was solved for discrete values of a, b, and ¢ 
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mations of the factor fp,., from the data of Drinker, Green, and Hastings 
(11). 
(Total Ca] = [Ca**] + [CaProt] 
[Prot™] = [total Prot] — [CaProt] 
S [total protein] 
otal Prot] = 9 
(Ca**}[Prot™] 


= 4.02 X 
CaProt (CaProt] 
Taste Ill 


Calcium-Combining Power of Protein 


Temperature 25°, pIl 7.40, fpro¢ 0.27. 


10* X Aeap 
CaProt Calcium bound 


fotal protein lotal protein Totalcalcium Ca** observed - _ to protein 
|CaProt} 

me. per ce peril mu perl mv perl. per cent 
2.14 0.30 1.51 1.30 5. 56 13.9 
3.20 46 1. 56 1.25 6.06 19.9 
3.25 46 1. 5b 1.30 10.0 16.7 
$34 0.61 1.61 1.10 2.16 31.7 
4.34 0.6) 1.61 1.20 586 253.93 
4.34 0 6] 1.6] 1.20 5.86 25.5 
4.34 0.61 2 Ol 1.50 2.94 25.4 
0.61 2 01 1.60 3.90 20.4 
1.34 0.61 1.61 1.20 5.86 25.5 
134 1.61 1.20 5.86 25.5 
1.75 0.67 1.63 1.10 2.91 32.5 
1.76 1.00 1.71 43.2 
1.76 1.10 3.83 37.5 
9.52 | 1 S86 0.00 3.47 51.6 
9.52 1.33 1 S6 0.95 1.38 19.0 


Caleium-Combining Power of Protein and Cephalin Mixtures 


The ecaletum-combining power of cephalin emulsions in solutions of 
protein is seen in Table IV. If the assumption is made that cephalin and 
protein act independently with respect to calcium, it would be expected 
that the total bound calcium would be the sum of that bound by either one 
alone, and the proportion of that unbound by the first would be bound by 
the other alone. This expected total bound calcium ean be calculated 
from the data already presented. By comparison of the data it can be 
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seen, however, that experimentally the calcium bound by these cephalin- 
protein mixtures is at all concentrations less than the expected value. — This 
would seem to indicate that cephalin and protein can in some way inhibit 


one another’s calcium-binding capacity. 


It may be observed that the ex. 


perimentally determined amount of bound ealctum is very close to that 
bound by cephalin alone even when the cephalin concentration is low and 


Temperature 25°, pH 7.40. 


Caleium-Combining Power of 


Total otal Total 
cephalin protein calcium observed 
me. per pony] mu perl 

0.45 | 9.52 | 1.92 1.20 

0.91 , 9.52 1.98 1.20 

8.4 1.6 1.00 

1.96 0.90 

2.72 | 9.62 | 2.21 0.80 

2.72 | 9.82 | 2.21 0.90 

4.35 | 1.45 | 1.33 0.70 

4.35 | 1.45 | 1.33 0.50 

5.43 | 9.52 | 2.57 0.50 

5.48 9.52 | 2.57 0.50 

6.53 2.17 | 2.36 0.50 

6.53 | 2.17 | 2.36 0.30 

10.86 | 9.52 | 0 30 

10.86 | 9.52 | 3.27 0.35 

10.96 4.34 3.438 0.90 

10.96 4.34 3.43 (1) SO 

10.96 4.34 3.43 

13.06 4.34: 3.3] 0.20 

7.24 4.2% | 3.84 | 


that of the protein is high. 


‘TABLE 


[\ 


Protein and Ct phalin 


Vixrtures 


Total bound lotal bound Calcium bound 
caicium found 
mM per mv per mV per mu per 
per i ent — per per e per ceni 
1.0) 5.56 0.72 37.9 | 0.8 10 
114 70.8 0.78 39.4 31.4 U.S 15 
134 68.4 0.96 49.0 0.38 19.4 0.96 19 
1.34 | 68.4 | 1.00 4.0 0.28 9.4 0.96 49 
1.50 68.0 1.41 66.8 0.09 
so | 68.0 1.31 38.3 | 0.19 1.91 55 
1.12: 73.2 0.83 | 4.2 0.29 19.0) 1.07 70 
1.12 | 73.2. 1.08 | 67.4 | 1.00 70 
95 87.6 2.07 | 80.5 | 0.18 75 
| 87.6 | 2.07 | 80.5 | 0.18 75 
914 90.6 1.86 | 79.0; 0.28 11.6 2.0 
914 90.6 2.06 87.4 
3.08 | 94.2 2.97 | 90.6 0.11 2.88 
208 | 94.2 2.92 89.3 0.10 = 
216 92.2 2.53 73.8 0.63 18.4 3.06 
216 | 92.2 2.63 | 76.6 | 0.53. 15.6 | 3.0 SY 
216 92.2 2.63 76.6 0.53 15.0. 3.00 
2.13 | 094.6 3.11 | 4.0 | 0.6 3.06 
271 06.6 3.64 95.0 0.07 1.6 3.65 


This is compatible with the conclusions from 


x-ray data that the protein in cephalin-protein complexes is held between 


micelles of cephalin (28). 


CONCLUSIONS 


As cephalin can be shown to bind appreciable amounts of calcium, alone, 
and in the presence of protein, evaluation of the cephalin content of normal 
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and pathological sera may serve to clarify the réle of plasma proteins in 
the regulation of calcium ton concentration. In the concentrations found 
in normal plasma, it would seem that 30 to 40 per cent of the bound calcium 
may be bound in non-diffusible form by cephalin. 


SUMMARY 


1. The physiological action of phosphatides, particularly cephalin, on 
the isolated frog heart has been investigated, and the validity of caletum 
ion determinations in the presence of cephalin has been demonstrated. 

2. The calcium-binding power of cephalin in Ringer’s solution has been 
followed by the trog heart method and a Aeyce,, found to be of the order 
of 1.27 & over the physiological range. 

3. Cephalin in this system has been found to react with calcium pre- 
dominantly as a bivalent anion, but deviations from this have been ob- 
served and evaluated. 

‘The enaletum-binding power of a protein of known constitution has 
been investigated and a AY found. 

5. The caletum-binding power of a mixture of the protein and cephalin 
preparations already investigated has been shown to be less than the ex- 
pected value for the two components separately and to depend largely on 
the cephalin content of the mixture, although the form of response is of a 
different order from that of either component alone. 


The authors wish to express their appreciation for the help given by 
Professor I). G. Miller, Jr. They also wish to thank the Department of 
Physical Chemistry of Harvard University for the protein used in this 
investigation. 
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DETERMINATION OF p-AMINOBENZOIC ACID, CONJUGATED 
p-AMINOBENZOIC ACID, AND p-NITROBENZOIC ACID 
IN BLOOD 


By H. WILLIAM ECKERT 


(From the Division of Laboratories and Research, New York State Department of Health, 
Albany) 


(Received for publication, November 25, 1942) 


Numerous recent investigations (1-10) have stressed the biologie im- 
portance of p-aminobenzoic acid, and it is therefore desirable to have a 
chemical method for determining this substance in biologic fluids. 

The structural relationship between sulfanilamide and p-aminobenzoic 
acid is evident from the formulae. 


H,N< »COOT >SOLN Hy 


p-Aminobenzoic acid Sulfanilamide 


Of several methods in use for the determination of sulfanilamide and re- 
lated compounds perhaps the best is that of Marshall (11-13). It con- 
sists in diazotizing a trichloroacetic acid blood filtrate for 2 or 3 minutes 
with 0.1 per cent sodium nitrite, destroying excess nitrous acid with 0.5 
per cent ammonium sulfamate solution containing KH.PO, as a buffer, and 
finally developing a red color suitable for colorimetric determination by 
coupling the diazotized solution with dimethyvl-a-naphthylamine.! A 
modification of this method has been found very satisfactory for the de- 
termination of p-aminobenzoic acid. The changes are briefly: (1) the 
concentration of sodium nitrite is increased from 0.1 to 0.2 per cent; (2) 
the concentration of ammonium sulfamate is increased from 0.5 to 2.0 per 
cent; (3) no buffer is used; and (4) the diazotization period is lengthened. 
Conjugated p-aminobenzoic acid may be determined after the same hy- 
drolysis procedure as that used by Marshall for sulfanilamide, since both 
compounds in the conjugated form are acetylated at the amino group (14). 

Studies in this laboratory have dealt with the pharmacologic properties 
of p-nitrobenzoic acid administered to animals (15) and with its effeets when 

! The later reagent of Bratton and Marshall (13) possesses certain advantages over 
dimethyl-a-naphthylamine and can be used equally well in all determinations in 
which the dimethyl-a-naphthylamine is used in this paper. At the time of this in- 
vestigation all the experimental work was carried out with the dimethyl-a-naphtiyl- 
amine reagent. Several preparations of the new reagent obtained at this time 
proved to be of unsatisfactory quality and it was not until after this work was com- 
pleted that a high quality commercial product appeared on the market. 
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introduced into cultures of various microorganisms (5, 16). A method for 
the determination of the nitro compound in biologic fluids was therefore 
required. The method here described consists in reducing the p-nitro- 
benzoic acid to p-aminobenzoie acid which is then determined by the modi- 
fied Marshall method. The reduction of the nitro group to the amino 
group takes place rather easily, but not all methods of reduction are satis- 
factory for this analysis. Some of the reagents used were zine and hy- 
drochlone acid, stannous chloride, tin and hydrochloric acid, iron and 
hvdrochlone acid; none of these proved sufficiently reliable and some of 
them intertered with the final analysis.  ‘VTitanous chloride proved to be an 
excellent reducing agent. 

Apparatus 

A Wlett-Summerson photoelectric colorimeter with green filter No. 56 
and matched test-tubes of 12.5 mm. diameter. 

15 by lipped Pyrex test-tubes at 10) nal, ana ml. 

Reagents 

Sodium nitrite, 0.2 per cent, treshlv prepared. 

Hydrochlone acid, approximately \. 

Ammonium sulfamate (LaMotte), 2 per eent.  Vhis is a much stronger 
solution than is necessary, but assures complete destruction of excess nitrite 
during the analvsis. 

Dimethvl-a-naphthvilamine ml. in 250 ml. of 95 per cent 
aleohol. 

Titanous chloride (LaMotte), 20 per cent solution, standardized. 

Trichloroacetie acid (Merck), 15 and 2.7 per cent solutions. ‘The latter is 
conveniently prepared by diluting TS mil. of the 15 per cent sohition te 
100 mi. 

p-Aminobenzoi acid and p-nitrobenzoie acid) (feastman) solutions. 
Mach contains 100 mg. of the solute in LOO mil. of 2.7 per cent trichloroacetic 
acid. From these stock solutions dilutions are made tor standards or re- 
COVerTY experiments blood. chemieals are used after being 
recrystallized from water. 

Sulfamlamide (Winthrop), 100 rag. of sullanikimide in 100 mil. of the 
dilute trichloroacetic acid. 

Tartaric-hvdrochlone acid mixture. Add em. of tartare acid (ast- 
man) and 42 ml. of concentrated hydrochloric acid to LOO mi. of distilled 
water. This solution has a slight vellow color whieh does not intertere with 
the test.. 


Procediyre 


Preparation of Blood Filtrates. Measure 2 mi. of oxalated or citrated 
blood into 50 ml. flasks, add 30 mi. of distilled water, and mix thoroughly. 
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Allow laking to take place for 5 minutes. Add 8 ml. of 15 per cent 
trichloroacetic acid slowly with rotation. Shake the mixture vigorously and 
allow to stand for 15 minutes. Filter through filter paper. The filtrate is 
used for determination of p-aminobenzoie acid, p-acetvlaminobenzoie acid, 
and p-nitrobenzoic acid. 

Determination of p-Aminobenzote Acid in Blood Filtrates— Place 10 mil. 
of the blood filtrate in a 50 ml. flask and add 2 ml. of water. Add 1 mi. of 
0.1 per cent sodium nitrite solution and allow the mixture to stand for from 
15 to 20 minutes. Then add 1 ml. of 2 per cent ammonium sulfamate, mix 
well, and let stand for from 2 to 3 minutes. Finally, add 5 ml. of the aleo- 
holic dimethyl-ea-naphthvlamine and allow to stand for from 30 to 60 
minutes in order to develop the maximum color. Read in the colorimeter 
with the blank set at zero. ‘The blank for this determination, and also that 
for the conjugated (acetvlated) p-aminobenzoie acid, consists of LO ml. of 
2.7 per cent trichloroacetic acid solution treated exactly as above. 

Determination of Conjugated (Aectylated) p-Aminobenzore Acid — Place 
lO ml. of the blood filtrate ina graduated Pyrex test-tube and add 0.5 ml. of 
tnx hvdrochlorie acid. Place the tube in a boiling water bath for 1 hour, 
cool to room temperature, and dilute the mixture with water to the 10 ml. 
mark. ‘Transfer to a 50 mil. flask and rinse the tube with 2 ml. of water, 
adding this rinsing to the first solution. The solution is now treated ex- 
actly as in the case of the free p-aminobenzote acid. 

Determination of p-Nitrobenzove Aeid in Blood Filtrates Place 1O mil. of 
the blood filtrate ina graduated Pyrex test-tube and add toil. of tartarte- 
hvdrochlone acid mixture and 2 drops of 20 per cent titanous chloride. 
The funetion of the tartanec-hydrochloric acid mixture is to prevent the 
formation of insoluble titamme acid on heating. Mix the contents of the 
tube well by rotating and then place in a boiling water bath for from 10 to 
lS minutes. Cool the tube rapidly to room temperature and dilute the 
mixture with water to the 12 ml. mark. “Pranster to a 50 ml. flask. Add 
Lml. of 0.2 per cent sodium nitrite solution, mix, and let stand for 20 min- 
utes with occasional swirling. ‘This last step removes the remaining traces 
of titanous ion and also diazotizes the amine. Add 1 mi. of 2 per cent am- 
monitim sulfamate, mix, and allow to stand for trom 2 to 3 minutes. 
Finally, add 5 ml. of alcoholic dimethvl-a-naphthvlamine and allow the 
color to develop trom 4 to 5 hours before reading. This longer time is 


necessary for maximum color development, since the rate of coupling is 
greatly reduced in the presence of the additional reagents. The mixture 
may stand overnight at this point, without danger of fading. If the 
colored solution is not clear, centrituge. Read in the colorimeter against a 
blank set at zero. The blank is 10 ml. of 2.7 per cent trichloroacetic acid 
solution treated exactly as is the sample. 
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Standards —A standard containing 0.025 mg. of p-aminobenzoic acid or an 
equivalent amount of sulfanilamide may be used. It is treated exactly as 
described under the determination of p-aminobenzoic acid. Sultanilamide 
is a convenient standard, since in solution it keeps indefinitely in a cool 
dark place. 

Calculations 


With the Klett-Summerson photoelectric colorimeter, readings are 
directly proportional to the concentration of the substance being de- 
termined: the factor equals the amount of standard divided by the scale 
reading. ‘To calculate free p-aminobenzoie acid, the scale reading is multi- 
plied by the factor, with suitable corrections for the relative molecular 
weights if sulfanilamide was used as the standard. Conjugated p-amino- 
benzoic acid is determined by comparing the amounts found before and 
after hydrolysis. 

In determination of p-nitrobenzoic acid, the amounts of free and con- 
jugated p-aminobenzoie acid are subtracted from the total amount found 
after reduction with titanous chloride. The difference, representing p- 
aminobenzoic acid derived trom p-nitrobenzoic acid, is converted to the 
equivalent weight of p-nitrobenzoic acid, and the value so found is divided 
by 0.788 to correct for the tact that recovery was only 78.8 per cent of the 
theory in horse blood filtrates, as is deseribed below. 


EXPERIMENTAL 


Conformity of Color Formation to Beers Law Color production by p- 
aminobenzoic acid was found to follow Beer’s law. Similar experiments 
were performed with sulfamilamide and sodium p-aminobenzoate (Fig. 1), 
The factors are directly proportional to the molecular weights of the com- 
pounds over the concentration range 0.0025 to 0.05 mg. per 100 ml. 

Recovery of p-Aminobenzoice Acid from Blood — Recoveries of p-aminoben- 
zoic acid added to horse blood in concentrations of 20, 10, 5, 2.5, and 1.25 
mg. per cent were 96, 99, 96, 96, and 103 per cent respectively, average 
98 percent. Thus, the recovery of p-aminobenzoic acid from blood is of the 
same order as that of sulfanilamide which, at this dilution, is around 95 per 
cent. No attempts were made at this time to determine the percentage 
recovery of p-acetylaminobenzoic acid, for there is little reason to assume 
any difference in the ease of hydrolysis of this compound and acetylated 
sulfanilamide. Experiments showed that conjugated p-aminobenzoic acid 
in blood filtrates is completely hydrolyzed in a boiling water bath in 1 hour 
or less. Blood filtrates diluted 1:20 and 1:40 were analyzed for conju- 
gated p-aminobenzoic acid and no significant difference was found in the 
results at the two dilutions. This indicates that coprecipitation with pro- 
teins is probably not an important source of error. 
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Reduction of p-Nitrobenzoic Acid to p-Aminobenzoic Acid—Reduction of 
p-nitrobenzoic acid is quantitative (99 per cent) in dilute trichloroacetic 
acid corresponding to a 1:20 blood filtrate (Table I). 2 drops of 20 per cent 
titanous chloride were found ample for the reduction. Table I shows that 
at the end of 15 minutes heating in a boiling water bath the reduction is 
quantitative, but after longer periods there is a considerable loss. For ex- 
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SCALE READINGS (Kiett-Summerson Photoelectric Colorimeter ) 
Fig. 1. Conformity of color formation to Beer’s law and relationship of color 
intensities. 


TABLE I 
Reduction of p-Nitrobenzoic Acid in Dilute Trichloroacetic Acid Solutions 


p-Nitrobenzoic acid 


15 min. 60 min. 
mg. per cent per cent | per cent 
12.5 QS | 87 
6.25 | 
3.13 100 | SS 

1.56 | 92 


0.78 102 | 95 


ample, after the reduetion mixture is heated for 1 hour, the recovery of p- 
aminobenzoic acid is only 90 per cent of the theoretical. Heating at a lower 
temperature during the reduction also gave low results, unless the heating 
was continued for a much longer time. Samples reduced in a boiling water 
bath and then left at room temperature for several hours before further 
treatment sometimes gave very low values. Therefore, it is important to 
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proceed with the diazotization immediately after rapid cooling of the re- 
duction mixture. 

Recoveries of p-Nitrobenzoic Acid Added to Horse Blood—Recoveries of 
p-nitrobenzoic acid from horse blood were only about 78.8 per cent. The 
reason for this low recovery could not be determined. If heating is con- 
tinued for | hour, the recovery drops to around 72.5 per cent; after 10 
minutes at 65 75°, the recovery is only about 16 per cent of the amount 
theoretically present. However, the results seem to be very consistent, 
since practically the same percentage recoveries were obtained in blood 
samples from four different horses, including some 60 specimens covering 
the range 1.25 to 20.0 mg. per cent. The analysis was carried out at differ- 
ent protein concentrations by varving the dilution of the blood sample from 
1:20 to 1:100, but the percentage recovery was the same in the presence of 
the different amounts of blood protein. Moreover, the same percentage 


TABLE Il 
Recoveries of p-Nitrobenzote Acid from Horse Blood 


Sample heated 10 to 15 minutes at 90-100. 


Theory Found Recovers 

me. per cenit ms. per ceni per cenl 

4.0) 15.4 7.0 

10.0 7.80 

5.0 3.94 

2.5 1.97 

SOS 

Average 


recoveries were obtained when widely varving amounts of p-nitrobenzotic 
acid were added to a given amount of blood (Table []). | [It does not seem 
probable, therefore, that the low results are due to coprecipitation. The 
results shown in Table I] are tvpieal and indicate that a correction factor of 
0.788 must be used in calculating the amount of p-nitrobenzoie acid in 
hlood., 

the ct of Titanous Chloride on p-Aminoln Acid Solutions contaimuing 
10 mg. per cent of p-aminobenzoic acid were treated exactly as in the 
procedure for determining p-nitrobenzoic acid. At the end of 15 minutes 
heating, the loss was less than 3 per cent; at the end of 1 hour, it was nearly 
lS perecent. This accounts for some of the losses on continued heating, but 
it does not explain the great loss in recoveries of p-nitrobenzoic acid: from 
blood filtrates. 
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Determination of p-Aminobenzote Acid in Media—For the determination 
of p-aminobenzoie acid in broth cultures, the cultures are passed through a 
porcelain filter and 2 ml. samples of the filtrate mixed with 8 ml. of distilled 
water and 2 ml. of 15 per cent trichloroacetic acid. The determination is 
earried out as deseribed under blood filtrates. The sample is centrifuged 
until clear and is then ready to be read in the colorimeter with a suitable 
hlank set at zero. 

The determination of p-nitrobenzoic acid in broths or other media 
presents special difficulties. If the material is cloudy and cannot be easily 
cleared by centrifuging, as in the case of pneumococcus cultures, it is treated 
as previously described and the color allowed to reach a maximum. Some 
(elite? or similar substance is then added to clarify the suspension and the 
colored solution is centrifuged until clear; the centrifuge tubes are capped to 
prevent evaporation. The colored solutions should not be filtered, since 
as much as 20 to 25 per cent of the color may remain on the paper. In the 
presence of the concentrations of phosphate ordinarily in culture media 
(0.1 to 0.2 per cent), the method for the determination of p-nitrobenzoie acid 
is not appheable: but the limiting concentration of phosphate was not 
determined. 

When colored broths are analwzed, a blank on the untreated broth must 
he determined, 

Specificity and Sensitivity Certain chemicals, such as phenol, cresol, 
m- and o-aminobenzoice acids, aniline, sultanilamide compounds, and many 
other related substances give color reactions by this method but are gener- 
ally not found in biologie fluids. It might be mentioned here that peptone 
broths sometimes give a shght color under the conditions of the method and 
this interference has been traced to the presenee of tryptophane (17). 
Blood filtrates from normal animals give no reaetion. 

The reaction described ts extremely sensitive and | y of p-aminobenzoic 
acid ean easily be determined in lO mil. of filtrate. By suitable reduction 
of volumes a still greater sensitivity may be attained and it is possible to 


determine y 1n of filtrate dt special small colorimeter tubes are used. 


SUMMARY 


A method is presented tor the determination of p-aminobenzoie acid, 
p-acetvlaminobenzoie acid, and p-nitrobenzoie acid in blood or other biolo- 
fluids. 


The author wishes to express his appreciation of the eritieisms and sug- 
gestions of Dr. Mary ©. Pangborn. 


?Celite analytical filter aid (Johns-Manville) 
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1} a NEW MICRO COLORIMETRIC METHOD FOR THE DETER- 


MINATION OF TRYPTOPHANE 


By H. WILLIAM ECKERT 


(From the Division of Laboratories and Research, New York State Department of Health, 
Albany) 


(Received for publication, December 9, 1942) 


Colorimetric methods for the microdetermination of tryptophane fall into 
four classes: (a) reactions with aldehydes in acid solution (1, 2); (6) reaction 
with glvoxvlic acid (3); (€) reaction with mercury salts and nitrous acid 
4,5); (¢) determination after isolation of tryptophane from its mercury 
salt (6). Ieach of these methods has certain disadvantages: lack of speci- 
ficity, the necessity of preliminary separation of tryptophane as the mercury 
salt, or the requirement of a long time for the development of color. 

In determinations of p-aminobenzoie acid in peptone broth by a modifi- 
eation of Marshall’s method for the determination of sulfanilamide com- 
pounds (7), a faint red color that developed in the broth was traced to the 
presence of tryptophane. ‘This color was very slight and interfered little 
with the determination of p-aminobenzoic acid. However, if the amount of 
sodium nitrite Was increased and the period of diazotization prolonged, the 
intensity of color was greatly increased, making possible the utilization of 
the reaction for a colorimetric determination of tryptophane. This paper 
presents the details of the method, which offers certain advantages over the 
methods previously available. 

Reagents 

Sodium nitrite, c.p., 1 per cent solution freshly prepared. Dissolve 1 
gm. in 100 ml. of distilled water. | 

Ammonium sulfamate (LaMotte), 4 per cent solution. Dissolve 4 gm. 
in 100 ml. of distilled water. 

N-(1-NaphthyvDethvlenediamine dihydrochloride (LaMotte or East- 
man), 0.1 per cent solution. Dissolve 100 mg. in 100 mil. of distilled water. 
Keep ina dark brown bottle in a cool, dark place. When it becomes col- 
ored, discard it. 

Hydrochloric acid, ¢.p., approximately 1.2 Dilute 10 ml. of the con- 
centrated acid to 100 ml. with distilled water. 

Standard tryptophane solution. This contains 0.05 mg. of tryptophane 
per ml. of 1.2 ~ hydrochlorie acid; it darkens on standing and should be 
freshly prepared each time it is to be used. The most convenient stand- 
ard contains 0.10 mg. of tryptophane in 5 ml. and is prepared by diluting 
2 ml. of the stock solution with 3 ml. of 1.2 ~ hydrochloric acid. 
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A pparatus- 


Any suitable colorimeter. A WKlett-Summerson photoelectric colorimeter 
with green filter No. 56, equipped with matched test-tubes having a diam- 


eter of 12.5 mm., has been found very satistactory. 

Krlenmever flasks, 50 ml. (glass-stoppered flasks are preterable). 

Method I1- Add 1 ml. of 1 per cent sodium nitrite to the sample contained 
in Omi. of 1.2 N hydrochloric acid in a 50 ml. Erlenmeyer flask; allow the 
mixture to stand for 30 minutes, occasionally swirling to assure proper 
mixing. Add 4 ml. of 4 per cent ammonium sulfamate solution and mix 
thoroughly. After 10 minutes, add 10 ml. of distilled water. This pre- 
vents formation of bubbles of nitrogen on the walls of the tube and thus 
facilitates the colorimetric reading. Finally, add 5 ml. of 0.1 per cent 
dihvdrochloride solution. color 
hegins to develop immediately in the presence of trvptophane and reaches a 
maximum in from 30 to 60 minutes. Readings were taken at 30, GO, and 


| 
Stability of Color Katracted by n-Butyl Alcohol 


+£0.26 mg. of tryptophane (extracted 60 minutes after reacting). 


Time of reading after extraction Colorimetric readings Decrease 
per cent 
Immediately 485 
30 min... 
() 
15 hrs. 420 3 13 


40 minute intervals, but in routine practice the 30 minute reading has been 
found sufficient. 

If the material to be analyzed is perfectly colorless, the blank consists 
simply of 5 ml. of 1.2.“ hydrochloric acid treated in the same wavy as the 
sample. If the sample is known to give some color other than red, a close 
approximation may be secured by adding a small amount of sodium sulfite 
to the colored solution atter the reading in the colorimeter is taken. After 
the red color has disappeared, the blank reading is made. Similarly, the 
addition of KWH.ePO,; and NaNQOs will also discharge the red color, or the 
sample may be treated exactly as described except that in the last step 
5 ml. of water are added instead of the 0.1 per cent N-(1-naphthv)ethyvl- 
enediamine dihvdrochlornde. Neither of these methods vields a true 
blank but the approximation is sufficiently close. 

When the photoelectric colorimeter has been standardized and the faetor 


is known, the instrument need be cheeked only occasionally. 
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By reducing all quantities to one-fifth of those given above, the determin- 
ation may be performed directly in the colorimeter tube in a total volume of 
5 ml., the smallest amount practical to use in the tubes of the Klett-Sum- 
merson photoelectric colorimeter. In this case a standard containing only 
0.02 mg. of tryptophane in | ml. of 1.2 N hydrochloric acid may be used and 
the analysis may be earried out on a sample representing only a few mg. of 
hydrolyzed protein. 

Method II—Yhe tollowing procedure is usetul when the material to be 
analyzed is so highly colored that the blank corrections deseribed are in- 
adequate. After the maximum color has been developed in the samples, 
blank, and standard, as described under Method I, add 10 ml. of n-butyl] 
aleohol and 5 gm. of sodium chloride. Then shake the mixture thoroughly 
to extract the color, using either a separatory funnel or a glass-stoppered 
flask or evlinder, until no red color remains in the aqueous layer. Filter 
8 or 9 mi. of the butyl alcohol laver immediately through paper into 
colorimeter tubes, place corks in the tubes, and take readings. The 
color is stable in n-butyl alcohol for at least 15 hours (Table I). 


Calculations 


The readings are taken on samples, blanks, reagent blank, and standard, 
with the reagent blank set at zero for each reading. The blank readings are 
then subtracted from the corresponding sample readings. This correeted 
value multiplied by the factor (mg. of trvptophane in the standard divided 


by the reading of the standard) equals the mg. of tryptophane in the sample. 


EXPERIMENTAL 


As already mentioned, the only changes necessary to adapt the method 
for p-aminobenzoie acid to the determination of trvptophane were increase 
in the amount of sodium nitrite and lengthening of the diazotization period. 

Concentration of Sodium Nitrite Vo investigate the effect of increased 
concentrations of nitrous acid on the intensity of color, the period of diazo- 
tization Was kept constant and the amount of sodium nitrite was varied. 
The results showed that a maximum color intensity was obtained when 1 ml. 
of 1 per cent sodium nitrite was used for each 5 ml. of the sample in 1.2 
N hydrochloric acid. This coneentration was accordingly selected for use. 
Further increase of sodium nitrite resulted in a decrease of color intensity 
(Table IT). 

Period of Diazotization— Vhe ettect of the time of diazotization on the 
color intensity was determined by using the conditions outlined in Method 
I and varving the time of diazotization. It was found (Table IIT) that 
with increase of the diazotization period up to 90 minutes the color became 
more intense. It appears that a longer period of diazotization would be 
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required to give the maximum intensity of color, but further experiments t 
show that the maximum need not be reached to obtain reproducible results, co. 
The increase between 60 and 90 minutes is small compared with that be- 

tween 30 and 60 minutes, suggesting that the maximum color intensity \ 


occurs soon after the 90 minute period. 

Effect of Concentration of Hydrochloric Acid on Development of Color 
Intensity——-10 ml. portions of various concentrations of acid were substituted 
for the 10 ml. of water added just before addition of the N-(1-naphthyl)- ) 
ethylenediamine dihydrochloride. The results (Table IV) show that the 
intensity of color decreases with the increased concentration of acid. 


TaBLe Il 
Effect of Increase of NaNO, on Color Intensity 


5 ml. sample equivalent to +0.26 mg. of tryptophane. 


Colorimetric reading at end of 
Amount of 1 per cent ding 
ac ded 


30 min 60 min 9O min 
mi. 
] 236 240 236 
2 216 217 212 
3 202 202 10S j 


Tasie 
Effect on Color Intensity of Period of Diazotization 


5 ml. sample containing +0.26 mg. of tryptophane. 


: ; Colorimetric reading at end ot 
Period of 


diazotization 
4) min. 60 min 90 min 
min 
30 212 226 226 
60) 256 270 268 
90 280 280 274 
Conformity to Beer’s Law— After conditions for maximum color develop- ) 


ment in a given time of diazotization were selected, it was desirable to check 
the determination for its conformity to Beer’s law. Method I was used, 
the period of diazotization being varied and with readings at 30, 60, and 
90 minute intervals (Table V and Fig. 1). The maximum readings are 
reached at the 60 minute interval but vary little from those of the 30 or 90 
minute interval. The intensity of color produced at the end of the 90 
minute period of diazotization is higher than that produced by the 30 
minute period but follows Beer’s law equally well. The average factors 
with the maximum deviation are as follows: 30 minute period of diazotiza- 
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tion, 0.00101, 1.0 to 2.0 per cent; 90 minute period of diazotization, 
0.00091, 2.2 to 3.3 per cent. 

Before the present procedure was developed, dimethyl-a-naphthylamine 


was used in place of N-(1-naphthylethylenediamine. At least 6 hours 


TaBLe IV 
Effect of Concentration of Hydrochloric Acid on Color Intensity 
5 ml. sample equivalent to +0.26 mg. of tryptophane. 


Concentration of HC] 


Colorimetric reading at end of 
added after destruction 


of excess nitrous acid 3) min. 60 min. 90 min. 

N 

12 13 18 1s 

22 33 32 

6 38 53 52 

142 142 
0 240 256 249 
TasBLe V 
Conformity of Method I to Beer’s Law 
Colorimetric readings at end of Factor 
Prypto- Period of Average 
phane diazotization factor 
1) min. 60 min. 90 min. ‘min. 60 min. 90 min. 
min. 
0.051 30 5} 1.00 1.02 1.04 0.00102 
0.102 30) 1) 1.01 1.00 1.02 0.00101 
0.153 30 150 152 149 1.02 1.01 1.03 —§ 0.00102 
0. 204 30 207 20S 205 0.99 0.98 1.00 0.00099 
0.255 30 253 257 253 1.01 0.99 1.01 0.00100 
0.051 90) 55 j 5b 0.93 0.91 0.91 0.00092 
0.102 Oo) 111 112 113 0.92 |, 0.91 0.91 0.00091 
0.153 163 166 0.95 0.92 0.92 0.00093 
0.204 0) 225 227 227 0.91 0.9 0.90 0.00090 
0.255 oO) 275 280 280) 0.93 0.91 | O.91 | 0.00092 
0.051 o0) 56 57 57 0.91 0.99 | 0.90 0.00090 
0.102 115 117 117. 0.89 | | 0.00088 
0.153 {) 166 169 168 0.92 0.91 | 0.91 0.00091 
0.204 WH) 225 229 226 0.91 0.89 0.90 0.00090 
") 275 278 275 0.93 0.92 0.93 


0.255 


0.00092 


were required for maximum color development, as is shown in Fig. 2. The 
dimethyl-a-naphthylamine was used as an alcoholic solution, 1 ml. diluted 
to 250 ml. with 95 per cent aleohol. Control experiments in which varying 


amounts of alcohol were added to the standard tryptophane solutions 
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analyzed as in Method I showed that there was very little, if any, retarda- 
tion of color formation even when the amount of alcohol was larger than 
that introduced in the dimethyl-a-naphthylamine reagent; therefore, the | 
0.255 
<a 
x 4° aN 
> > 
0. \ 
> 
‘ 
| | 
| 
S0.05!}- { 
0 50 100 iSO 200 250 300 
SCALE READINGS (Kiett-Summerson Photoelectric Colorimeter } 
Fia. l. Conformity of Method | to Beer’s law (Constaney cyt calorimetete factor 
with varying amounts of tryptophane and two different periods of diazotization, 
N-(1-naphthyDethyvlenediamine dihydrochloride being used in a final volume of 25 
mi. 
0.255 
30 MINUTES DIAZOTIZATION 
WO204 
LHR, | 
0.153 3 HR | 
> 
6 HRS 
or 
0-102 
=0.05! 
Sar 
9 50 100 i50 200 250 300 t 
SCALE READINGS (Kiett-Summerson Photoelectric Colorimeter ) 
Fic. 2. Effect of time on development of color when dimethvl-a-naphthvlamine . 
is used (final volume, 12 ml.). , 
slow rate of color formation could not be attributed to the aleohol present f 
but must be due to the dimethvl-a-naphthvlamine itsell. ‘The shades and ; 
intensities of color developed by these two reagents could not be distin- 


guished from one another. 
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Effect of Heat and Light—-Heat must be avoided in all steps of the de- 
termination. Although heat hastens the development of color, it also 
causes fading to start immediately; if applied during the diazotization 
period, it prevents the final color development. Light seems to have no 
effect on the color for short periods of time, but fading occurs after the 90 
minute readings. The colored solutions should not be exposed to direct 
sunlight. 

Recovery of Added Tryptophane— known amounts of tryptophane were 
added to hydrolysates of serum albumin, and the amounts recovered are 
recorded in Table VI. The fact that only 90 per cent of the largest added 
amount Was recovered suggests that the diazotization reaction may not 
have been complete; the diazotization period should perhaps have been 
increased to 90 minutes. It should also be called to mind that the per- 
centage of tvrosine in albumin is high, about 4.7 per cent. The percentage 
of tryptophane found in the serum albumin was 0.55 as compared with 0.53 


Taste VI 
Recovery of Added Tryptophane from Hydrolysates of Serum Albumin 


15.0 rg. of serum albumin per ml. of sample. 


Amount of trypt ph ine used Iryptophane recovered Per cent recovery 
” 
0.050 
0.007 O5 
0.153 O.144 
repo tec by others (SS). | he other protein analy zed Wiis commercial 


gelatin, which gave O.OLS per cent, reported in the literature as 0.00 per cent. 

The amino acids most likely to interfere, phenylalanine, 
proline, histidine, and tyrosine, were tested.  “Pvrosine m large amounts 
gives avers slight vellow color; however, the amount of tvrosine would have 
to be so much larger than the amount of tryptophane present that the 
possibility of interference is negligible. In addition to the amino acids, 
riboflavin and nieotinie acid were tested, but gave no reaction whatever. 
There are, however, other compounds that produce colors and interfere with 
the determination. “They are o-, m-, and p-aminobenzoie acids (a deep red 
color): phenol and cresol (vellow to orange-red color); and indole and 
skatole (a deep red color). It is immediately apparent that the test is not 


specific tor tryptophane alone. “Pvrosine, a phenol and also an amino acid, 
does not give the same reaction as phenol. This is, no doubt, due to the 
fact that the para position to the hydroxyl group is blocked by the a- 
aminopropionic acid. The para position of a phenol is the most reactive, 
and, if it is blocked, the formation of a p-nitrosophenol is prevented. Aro- 
matic amines and phenols are not likely to be found in protein samples. 


Le 
| 
| 
| 
| 


212 DETERMINATION OF TRYPTOPHANE 


DISCUSSION 


It is evident that none of the common amino acids gives any interfering 
color, since no such interference took place in the hydrolysates of albumin 
or gelatin. The other types of compounds that would interfere with the 
determination are few and generally not found in protein hydrolysates, 
The nature of the reaction is not known. 


SUMMARY 


A new reaction is presented for the determination of tryptophane in 
amounts from 0.01 to 0.25 mg. No other amino acid gives the reaction 
except tyrosine in amounts far exceeding that ordinarily found in proteins, 
Thus, it is possible to perform the determination directly on hydrolysates 
without removing the other amino acids. 


The author wishes to express his appreciation of the criticisms and sugges- 
tions of Dr. Mary C. Pangborn. 
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THE CHROMOGENIC EFFECT OF VARYING MIXTURES OF 
ANDROSTERONE AND DEHYDROISOAN DROSTERONE 


By ELEANOR SAIER, ROBERT C. GRAUER, anp WILLIAM F. STARKEY 


(From the Department of Research in Endocrinology and Metabolism, William H. 
Singer Memorial Research Laboratory, Allegheny General Hospital, Pittsburgh) 


(Received for publication, December 28, 1942) 


After it was established that the calibration curves of androsterone and 
dehydroisoandrosterone are different (1), it became desirable to determine 
the influence of one of the crystalline hormones on the chromogenic effect 
of the other. This work was carried out as a preliminary step to studying 
the biological effect of similar mixtures. Since it was shown that the 
values for androsterone and dehydroisoandrosterone give calibration curves 
which superimpose when alcoholic KOH is employed (2, 3) and do not 
superimpose when aqueous KOH is used (4, 5), the latter method was 
emploved. While the present reports were in the process of development, 
Friedgood and Whidden (6) published curves secured with mixtures of 
androsterone and dehydroisoandrosterone when aqueous KOH was em- 
ployed, having a different object in view. 

The study of the mixtures of crystalline androsterone and dehydroiso- 
androsterone! was made with both the Neustadt technique and the Fried- 
good and Whidden technique. ‘These methods were employed because 
each reveals a difference in the intensity of the color produced by the two 
hormones. Five mixtures of the two erystalline hormones were dissolved 
in 60 per cent aleohol when the Neustadt method was followed and in 95 
per cent alcohol when the Friedgood and Whidden method was employed. 
The solutions studied were 100 per cent androsterone, 75 per cent andros- 
terone + 25 per cent dehydroisoandrosterone, 60 per cent androsterone + 
40 per cent dehydroisoandrosterone, 50 per cent androsterone + 50 per 
eent dehydroisoandrosterone, 40 per cent androsterone + 60 per cent 
dehydroisoandrosterone, 25 per cent androsterone + 75 per cent dehydro- 
isoandrosterone, and 100 per cent dehydroisoandrosterone. The A values 
for each mixture throughout the range studied were calculated according 
to the law of Lambert and Beer, from which a mean AK value, with its 
standard deviation, was obtained. 

Calibration curves were derived for the individual hormones (1) and also 
for each of their mixtures from the experimental data by the method of 
least squares. A composite plot was made in order to show the position 


‘The androsterone and dehydroisoandrosterone employed in these studies were 
supplied by Ciba Pharmaceutical Products, Inc., through the kindness of Dr. Ernst 
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TaBLE I 
Determinations by Neustadt Technique 
A. = androsterone, D. = dehvdroisoandrosterone, C = concentration of hormone 
per ce. of final volume of colored solution, A = relationship of chromogen produced. 
as influenced by specific conditions, to the filter used. Equation of line, L = nega- 
tive log of the light transmitted (2 — log G), VM = amount of hormone (mg.) in the 
total volume of solution. 


No. ot Stand. 
deter- Mean ard 
SO mine- Range of ¢ K devis iation 
tions tion 
per cc. 

100% A 70 0.0070-0.2857 4.78) 0.20 L = 0.158 + 0.0121 
75% + 25% D 0.0036-0.2857 4.94 0.15 = 0.166M + 0.0113 
60% ** + 40% 4S 0.0036-0.2857 5.53 ** = O.IS9LM 4+ 0.0055 
+ 30% 0.0036-0.2143 5.76 0.25 + 0.0087 
40% + 00% 19 0.0036-0.2143 6.53 0.50 = O0.2119M + 0.0054 
25% + 15% 14) 0.0036-0.2143 6.84 0.43 = O.21S8V + 0.0219 
100% D 62 0.0070-0.2143 (7.70 0.48 * = 0.2517M + 0.022 


READINGS 


= 
<i 
ANDRO. + 25% DEXHYDRO. 
34+— 60% ANORO.+ 40%. DEHYDRO. 
50% ANDRO, + 50% DEHYDRO. 
E- 40% ANDRO,+ 60% DEHYDRO. 
25% ANDRO.+ 75 DEHY ORO. \ 
G*100% DEHYDROISOANDRO S TERONE a 
Ne 
2.4 3.6 4.8 6.0 7.2 G 


MILLIGRAM Ss 


hic. 1. Curves secured by the Neustadt method 
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in Which each of the mixtures fell in relation to the pure hormones. Fig. J 
shows the curves that were derived from the data in ‘Table T secured by 
the Neustadt method. Individual semilogarithmie graphs (Curves A to 
(;) were constructed for each of the mixtures studied. 

It can readily be seen by an inspection of these curves that all of the 
mixtures fall between the two curves of the pure hormones. As the con- 
tent of the dehydroisoandrosterone of the mixtures Increases, the curve 
tends to approach that for pure eryvstalline dehydroisoandrosterone. — It 
is therefore apparent that the presence of _both hormones in the same 
solution has no effect on their relative chromogenic values. In order to 
demonstrate this phenomenon more clearly, the Le values for the mixtures 


Il 


Similarity of Theoretical Le and Le Derived from Equation of Mixtures 
(Neustadt Technique) 


Le trom 
mixtures 
percent 
13% A. + 25% D L = + O.4 0.0664 0.0725 8.0 
+ 25% 0.8 0.1328 0.1451 8.0 
4+ 25% 60.6640 0.7250 8.0 
+ 40% * 1.0 0.1891 0.1954 | 3.5 
+ 5% + 0.00387 1.0 0.2027 0.2049 1.0 
+ 50% | 2.0 O.4054 0.4097 1.0 
+ O + 0.0054 0.1060 O.1071L 1.0 
6% + 75% = () VISST 4+ O.O219 0.4 OSTS O.0913 1.0 
+ 75% 0.1750 4.0 


and the components of the mixtures were calculated and compared. (An 
Lo value is defined as the optical density or / value of the hormone obtained 
from its equation by subtracting the zero intercept term.) ‘The theoretical 
value refers to the sum of the Le values of the components of the mixture 
which were obtained from their respective calibration curves. ‘These were 
then compared to the actual Le values which were determined for the re- 
spective mixtures from the equation of their calibration curves. The per 
eent of difference of the actual from the theoretical was then ealeculated. 
Table IT shows that the maximum difference is 8 per cent, as shown by the 
mixture of 75 per cent androsterone and 25 per cent dehydroisoandros- 
terone. The rest of the mixtures show a difference of not more than 


per cent. 
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The same procedure was followed with the Friedgood and Whidden tech- 
nique. Fig. 2 represents the composite and individual plots of the mixtures 


90 
80 
60 
SO 
40 
30 
20 
a 
< | 
A 
Te) 6 
>! 
G 
>) 
~ LEGEND - 
A« 100% ANDRO STERONE 
34 Bs 75% ANDRO, + 25% DEHYDRO, 
C= 60% ANDRO, + 40% DEHY ORO, 
50% ANDRO, + 507 DEHY DRO, 
40% ANDRO. + 607- DEHY DRO, 
e F 25% ANDRO. 75% DEHY DRO.~ 
G 100% DEHYDROISOANDRO ST ERONE 
048 .096 144 192 .240 .288_ 


MILLIGRAMS - 
iG. (Curves secured by the method of Friedgood and Whidden 


[I] 
Determinations by Friedgood-Whidden Technique 


No. of Stand 
Solution Range of Equation of line 
tions tion 


mo. per 


100% A 19 0.0042-0.0283 33.29 0.79 = 3.10W + 0.0055 
75% * +25% D.. 25 0 .0042-0.0283 34.83  O.S6 = 3.12M + 0.0180 
60% + 40% “.. 15  0.0042-0.0283 35.77 0.89 = 3.26M + 0.0149 
50% + 50% 95. 0.0042-0.0283 39.15 1.61 “= 3 40M + 0.0315 
40% ‘© + 60% “ 15 | 0.0042-0.0283 40.39 1.49 “ = 3.56M + 0.0263 
25%, ** + 15% “ | 0042-0.0283 42.64 | 1.22 = 3.77M + 0.024 
100% D 20 .0042-0.0283 44.35 1.04 OSM + 0.018 


that were derived from the datain Table IIT. Table IV shows the per cent 
difference obtained by comparing the theoretical 2 values with that 
obtained from the equation of the specifie mixtures. If the chromogenic 
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properties of either hormone are not altered, then the /2 value for any 
given mixture should be equal to the sum of the Z2 values for each of the 
androgens in the solution as obtained from their respective calibration 
eurves. In the Friedgood and Whidden technique, the per cent difference 
of the Le values of the mixtures from the theoretical values is much less as 


the dehydroisoandrosterone content is increased. 


IV 
Similarity of Theoretical L. and Le Derived from Equation of Mixtures (Friedgood and 
Whidden Technique) 


from | 


Equation of mixture derived | | equation | 2 In: 
vets from experimental data | Amount | of ‘theoretical Difference 

| | mixtures | | 
| 
me | | per cent 


= 3.12M + 0.0180 0.300 0.936 1.004 


75% A. + 25% D / 
0% “ + 40% = 3.26M + 0.0149 | 0.075 | 0.2445 | 0.2619 | 6.6 
50% + 50% = 3.40M + 0.0315 | 0.150 | 0.510 | 0.5385 | 5.3 
0% + 50% 0.300 | 1.020 | 1.077 | 5.3 
0% “ + 60% “ “= 3.56M + 0.0263 0.075 | 0.267 | 0.2766; 3.5 

| 1.5 


5% + 75% “ ‘= 3.77M + 0.0264 0.300 1.1310 1.1505 


DISCUSSION 


A comparison of the experimental data, by two different techniques, 
shows that colorimetrically the presence of both androsterone and dehy- 
droisoandrosterone in the same solution does not alter the individual echro- 
mogenic properties of the hormones. Llowever, the per cent difference 
hetween the theoretical Le and the Le derived from the equation of the 
mixtures is somewhat larger with the Friedgood and Whidden technique 
than with the Neustadt method. The basic fact is established that, as 
the amount of dehydroisoandrosterone is inereased, the curves tend to 
increase in the direction of this ervstalline hormone. This is directly 
opposite what was found when similar mixtures were assayed biologically 
by the chick comb weight method.? Using our modification (7) of the 
Dorfman technique (8), we found that as the amount of dehydroisoandros- 
terone was increased the curves inclined toward the androsterone curve. 
This indieates that the biological properties of dehydroisoandrosterone are 
markedly influenced by the presence of androsterone in the same solution. 
Colorimetric measurements indicate the presence of those substances which 
enter into the m-dinitrobenzene reaction without indicating the biological 
potentialities of their propertionate mixtures. Results of our biological 
studies show that the varving mixtures of the two crystalline hormones in 
the same solution result in a synergistic effeet on the chick comb. 


2 Grauer, R. C., Starkey, W. F., and Saier, E. L., unpublished data. 
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SUMMARY 


Varving mixtures of androsterone and dehydroisoandrosterone were 
studied colorimetrically by the methods of Neustadt and of Friedgood and 
Whidden. The calibration curves that were derived for each of the mix- 
tures fell within the expected range of the curves of the individual erystal- 
line hormones. The chromogenic properties of androsterone were not 
altered by the presence of dehydroisoandrosterone in the same solution, 
The data suggest that colorimetric assays do not indicate the biological] 
potentialities of varving mixtures of the two biologically active ervstalline 
androgens. 
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THE DETERMINATION OF HEMOGLOBIN IN TISSUE 
EXTRACTS OR OTHER TURBID SOLUTIONS* 


By WALDO COHN 


With THE TECHNICAL ASSISTANCE OF Miss A. L. Nutr 


(From the John Collins Warren Laboratories of Harvard University, Massachusetts 
General Hospital, Boston) 


(Received for publication, February 9, 1943) 


In many investigations it Is necessary to estimate quantitatively the 
amount of hemoglobin in tissues, tissue extracts, or biological fluids. 
Hemoglobin in blood is easily and routinely determined in the Evelyn 
eolorimeter with the aid of Filter 540. “Pwo sourees of error make this 
method inaccurate when apphed to tissue extracts: (1) turbidity (light 
absorption) from lipids, proteins, or other non-hemoglobin pigments, and 
(2) the presence of methemoglobin, which has a lower absorption at 540 mu 
than does oxvhemoglobin. Several investigators have endeavored to cor- 
rect for the contribution made by turbidity to the total sy) value by means 
of measurements of light absorption at wave-lengths at which the absorp- 
tion by hemoglobin is small (e.g. 620, 660 mu). The assumption is then 
made that the “turbidity correction” at 540 mu equal to the 
total Levy value, or that the light absorption (1 value) due to turbidity is 
linear across the colorimetric scale so that LEW may be deduced by extra- 
polation Of Leso, Les, ete., Values to 540 mu. Either of these assumptions 
‘an be shown to be approximately trie under certain conditions, but neither 
is invariably correct, and the greater the turbidity the less true is either 
assumption. Not only does blood itself show by either method a con- 
siderable “turbidity correction’ (about LO to 15 per cent) which is some- 
times neglected, but anv methemoglobin formed from oxvhemoglobin in 
the preparation of the solution will give rise to large errors, since methemo- 
globin has a higher absorption in the 620 to 660 mu range and a lower 
absorption in the 540 to 570 my range than does oxvhemoglobin. Both ot 
these divergences will add up to diminish the caleulated Lsio value of the 
solution (Lio). 

The method to be presented, suggested by the work of Evelyn and 
Mallov (1), avoids both of these difficulties. It is based upon the faet 
that oxvhemoglobin (HbO.) is readily and quantitatively converted into 


* This is Publication No. 567 of the Cancer Commission of Harvard niversity. 

The work deseribed in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Offiee of Scientific Research and 
Development and the Massachusetts General Hlospital. 
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methemoglobin (MHb), and this into cyanmethemoglobin (MHbCN), 
each of which has a characteristic spectrophotometric absorption curve 
(although those of HbO. and of MHbCN are very similar). These eon- 
versions produce no change in the absorption characteristics of the turbid 
material or non-hemoglobin pigments. The extent of change in light ab- 
sorption (1 value) at certain characteristic wave-lengths is then compared 
with those similarly obtained from a solution of hemoglobin (blood) of 
known L509 value. This vields a caleulated L543°"° value for the hemo- 
globin in the unknown solution from which the hemoglobin content ean 
be obtained. 

In order to insure both the accuracy of the hemoglobin conversions and 
the constaney of the turbidity throughout it is necessary to buffer the 
extract before making the determinations. This is accomplished with 
0.02 m phosphate buffer at pH 6.6. 

Theoretically the change in absorption at any one of a number of wave- 
lengths could be used to determine the hemoglobin concentration. The 
largest and most characteristic shifts, however, occur at 540, 565, and 
635 my (1) and it is at these wave-lengths that measurements are most 
profitably made. 


Method 


The tissue extract (water, saline, or buffered solutions mav be used) is 
made up to anv convenient volume with water and sufficient m/3_ phos- 
phate buffer (pH 6.6) to give a final concentration of about 0.02 m. All 
erythrocytes should be hemolvzed. The optimal volume is one which has 
an Lisi Value of about 1 (G = 10)7 Reeord the volume as V in ml. 

Centrifuge the extract and pour about 10 ml. into a colorimeter tube. 


With 0.02 m phosphate buffer as a blank, determine the values L}1}° 


MBO? and LM? for this solution. Add 1 drop of 20 per cent K,Fe(CN), 
solution to the unknown and to the blank, mix, and again read at 540, 
565, and 635 mu to get the values of Ea. Br gael and ioe. Add 1 drop 
of a freshly prepared mixture of equal parts of LO per cent NaC'N and 12 


per cent HAe to both tubes, mix, and determine the values of Laer. 


MHbCN VHbCUN 
andi”. 


Calculation 


From the nine Z values determined above, six J) values may be ealeu- 
lated as follows: 


540°_ _ MHb. _ MHbCN 

(1) 565 _ HbOs _ MHb. 7565 _ MHb ;MHbCN 


l 635 ? 2 


635 635 
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These differences are similarly determined on a sample of blood (prefer- 
ably from the animal whose tissues are under examination), and each such 
blood difference is divided by the Lsyo value of that sample of blood. The 
resultant figures are the shifts observed in a hemoglobin solution of which 
the Lsio = 1.00. Wemay designate these values as By’, Bi”, ete. In 


our experience, the following average values were obtained: B]” = +0.47, 
= —0.46, B}” = +0.57, Bs” = —0.46, By” = —0.24, = +0.24. 


For each unknown solution, six values of M549 may be obtained from the 
ratios of the corresponding ) and B values above, trom the relation 


ste. = 


tissue __ 
(2) Rese » 


If no methemoglobin js present in the initial extract, all six values for Ls4o 
will agree. Any methemoglobin in the initial extraet will lower all the 
Lio Values obtained from D,; values by an amount proportional to the 
MHb present, and the Ls49 values obtained from the three Do values should 
then be regarded as representing the total hemoglobin. Conversely, any 
MHb in the standard blood sample will elevate the Liss values obtained 
from 

The Lao value, which is now known, is readily converted into ml. of 
blood from the formula 


tissue 
L 540 
blood 


540 


(3) <x V = mil. blood in total tissue extract 


where is ecaleulated from Formula 2. = 10/0.02 x Ot 
0.02 ml. of blood corresponding to that in the unknown in 10.0 mil. of 
water (= the Ls;) value of 1.0 ml. of terminal blood in a volume of 1.0 ml.). 
V is the total volume of the tissue extract in ml. 

The entire calculation may be shortened by using, instead of Formulas 


2 and 3 in succession, the combined formula 


D* 
(4) ad x V = mil. blood in total tissue extract 
where ©, = (2,,)(500)(Lsyo of 0.02 ml. of terminal blood in 10 ml. of water). 


DISCUSSION 


This method has been used effectively in tissue extracts of all degrees 
of color and turbidity, even those produced by homogenizing tissues in the 
Waring mixer. It should be noted at this point, however, that muscle 
hemoglobin will undergo the reactions described and will thus appear in 
the total hemoglobin figure. Lowry and Hastings (2) have applied the 
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method of Watson (3) in determining the contribution of this pigment to if 

the total hemoglobin figure; we have endeavored. with varving degrees glol 
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In Fig. | are plotted absorption curves for oxy-, met-, and eyanmethemo- 
globin, as determined in a sample of dog blood ( Li8°? = 1.000) on the 
Evelyn colorimeter. It is apparent from these curves why we have chosen 
the 540, 565, and 635 mu filters to determine the D values. 

In Fig. 2 ave plotted the three absorption curves obtained from an 
extract of lung taken from a viviperfused dog. The near identity of the 
three curves indicates the absence of any appreciable amount of hemo- 
globin, and the general nature of the turbidity correction is clearly 
demonstrated, 

The curves in Fig..3 were derived from another portion of the tissue 
extract used to obtain the curves in Fig. 2, but with the addition of 0.02 
ml. of blood to 10 ml. of the extract. The relationship of total reading 
to turbidity and the independence of the D values are clearly shown. 

An example of the disturbing influence of methemoglobin on the oxy- 
hemoglobin absorption curve is shown in Fig. 4. In such an extract, any 
method which relies upon total absorptions of the extract at any wave- 
length will be in error. The shift from methemoglobin to evanmethemo- 
globin, however, is quite independent of this. 

The sensitivity of the method is about half that for hemoglobin in blood 
by the colorimetric technique, or about | mg. of hemoglobin (about 0.005 
ml. of blood), since 6°? and B® are about one-half the Lsqo value. 

The constancy of the Leoo value on each ot the three curves under all 
conditions suggests the use of these values as a criterion of the constancy 
of turbidity during the hemoglobin transformations. The Leoo values will 
immediately reflect any change in the turbidity of the solution, and read- 
ings with Filter 600 should be made as a precautionary measure whenever 
such a change is suspected. In our experience, however, this has never 
happened except in unbuftered solutions. 


SUMMARY 


A method for the quantitative determination of the amount of hemo- 
globin in turbid solutions is described. This method is based on the shifts 
in the hemoglobin absorption spectrum produced by the ehange of oxy- 
hemoglobin into methemoglobin, and of methemoglobin into evanmethemo- 
globin. ‘The sensitivity of the method is about half of that for hemoglobin 
in blood. 3 


We wish to thank Dr. John Gibson for his interest and aid in this work. 
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PRODUCTION OF ACIDS FROM GLUCOSE BY DENTAL PLAQUE 
MATERIAL 


By JOHN A. MUNTZ 


(From the Chemistry Laboratory of the Walter G. Zoller Memorial Dental Clinic of the 
University of Chicago, Chicago) 


(Received for publication, January 9, 1943) 


The ‘‘chemo-parasitic theory” of the etiology of dental caries, first 
advanced by W. D. Miller (1), postulates that the initial demineralization 
of tooth enamel is brought about by acids produced by bacteria present 
on the teeth. Since this pioneer work, a great many investigators have 
sought to identify the bacteria that are chiefly responsible for the acid 
production. Very few attempts have been made to characterize the acids 
formed. It is well known that many bacteria, when removed from one 
environment and grown in another, change their biochemical as well as 
other characteristics. A study of the metabolism of pure cultures of micro- 
organisms associated with dental caries may or may not give a true picture 
of the metabolic activity of the same microorganisms when they are 
present on the teeth. It is desirable therefore to study the mixed bac- 
terial flora as it is obtained from teeth in the mouth. 

Since W. D. Miller’s work (1), lactie acid has generally been assumed to 
be the principal acid associated with the carious process, but it was only 
recently that B. F. Miller and Muntz demonstrated its presence in dental 
lesions by a specific method (2). These authors reported that the lactic 
acid found was not stoichiometrically equivalent to the water-soluble cal- 
cium, thus indicating the presence of other acid anions. It has been sug- 
gested that pyruvic acid may be present in carious lesions (3). While the 
work presented in this paper was in progress, Summerson and Neuwirth 
(4, 5) reported experiments with saliva which demonstrated conclusively 
that lactic acid was only a part of the total acids formed from glucose. 

The following experiments describe some aspects of the metabolism of 
glucose by the mixed bacterial flora obtained from tooth surfaces. This 
mixture of bacteria and matrix substances will hereafter in this paper be 
referred to as plaque material. 


‘Throughout this paper the term plaque material is used to connote the gross 
bacterial layer that can be scaled readily from the teeth of patients with poor hygiene. 
It has an amorphous appearance, and does not contain macroscopic food particles. 
Bacteria appear to make up about half of the total bulk of plaque material; the 
remainder is comprised of matrix material, the nature of which is unknown. 
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EXPERIMENTAL 


The plaque material was suspended in water and homogenized in an all- 
glass homogenizer. Aliquots of this suspension were then treated as 
desired. Glucose determinations were made by the method of Miller and 
Van Slyke (6) on the supernatant fluid from samples of plaque material 
without preliminary deproteinization. Lactic acid) was determined by 
the method of Miller and Muntz (7) after the samples to be analyzed had 
been previously freed of carbohvdrate by copper-lime treatment. Volatile 
acids were determined by micro steam distillation and subsequent. titra- 
tion. ‘Total acids were determined by direct titration of the supernatant 
fluid obtained by centrifugation, Phenolphthalein was used as indicator 
for the titrations. 

Relationship between Glucose Consumed and Lactic Acid Produced by 
Plaque Material—In these experiments plaque material was removed from 
the teeth of patients exhibiting various tvpes of dentaldisorders. Suffi- 
cient material to give a moderately heavy suspension was suspended in 
2.0 cc. of distilled water. It was homogenized and aliquots were incubated 
with 0.1 per cent glucose for 30 minutes. An aliquot of each sample was 
incubated aerobically, and in four cases aliquots were incubated anaerobi- 
cally. Glueose and lactic acid analyses were made before and after the 
incubation. From these data one obtains the ratio of moles of lactic acid 
formed to moles of glucose consumed. If all the glucose were converted 
to lactic acid this ratio should be 2.0. Table IT shows that under aerobic 
conditions the amount of glucose that disappears eannot be wholly ae- 
counted for as lactic acid. The wide fluctuation in the ratio of the lactic 
acid produced to the glucose consumed probably reflects the variability 
of the bacterial flora in these cases. In no instance was the ratio zero: 
that is, some lactic acid was alwavs found. It is important to remember 
that these incubations were carried out in essentially unbuffered solutions, 
and hence the pH was allowed to fall. The only buffers were those origi- 
nally present in the plaque materials themselves. In three out of the 
seven experiments In which the incubation was carried out anaerobtieally 
and aerobically on similar aliquots of the same suspension, the laette acid 
accumulation was much higher under the oxvgen-free conditions. 

Production of Acid from Glucose and Its Simultaneous Destruction 
Summerson and Neuwirth in their studies of the decomposition of glucose 
by oral microorganisms present in saliva found that lactic acid accounted 
for only 50 per cent or less of the total acid formed (4). In a later report 
the same authors showed that lactate and pyruvate were rapidly metabo- 
lized by the bacteria in saliva with the production of other acid (or acids), 


which was not identified (5). 
I have obtained essentially the same results using plaque material as 
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the source of bacteria. However, the rapid destruction of lactate occurs 
chiefly around pH 7. If the pH is permitted to fall, as laetie acid is pro- 
duced from glucose in unbuffered solutions, the breakdown of lactie acid 
is greatly retarded. In these experiments aliquots of the same suspension 
of plaque material were incubated in well buffered media (Fig. 1, a), and 
in poorly buffered media (Fig. 1,6). The type of curve shown in Fig. 1, 6 
is obtained under conditions that are more comparable to those actually 


| 
Glucose Consumed and Lactic Acid Simultaneously Produced by Plaque Material 


Patients had dental eartes Patients to either had no dental 
caries or else had all eavities filled, 


Lactic acid produced consumed acid 
Patient Ne per 2 cc. suspension per 2 cc. suspension sashes ahasese . 
\naerobi Acrobi Anacrobi Aerobic Anaerobic 
13S SSH S57 10 1.0 
222 351 ANG 15s 
3 133 159 0.8 
7 146 0.6 
720 
451 1.3 
228 269 9 12 
24 116 0.4 
1] 469 
12 247 0.9 
13 1.0 


* This abnormally high ratio is probably due to substrate originally present in 
the plaque material. 


occurring in the mouth, since it has been shown that the pit of plaques 
on teeth falls rapidly after ingestion of ghicose (S). 

The rate of lactic acid formation which results trom the breakdown ot 
glucose reaches its optimum around neutral pH, and falls off sharply below 
pH 6 as well as above pILS (Pig. 2). In these experiments, 0.1 ce. aliquots 
of a suspension of homogenized plaque material were diluted with 0.075 mM 
buffer solutions, and sufficient glucose was added to give a | per cent solu- 
tion. ‘The original suspensions had been prepared to contain approximately 
the same amount of suspended material per unit volume. ‘The laetie aeid 
is expressed as micrograms per 0.5 ce. of the original suspension. It ts to 
be emphasized that the lactie acid present at the end of 30 minutes incuba- 
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tion represents the difference between the total amount formed and the 
amount destroved. - 

It is also important to point out that the rapid destruction of lactie acid 
formed from glucose is an aerobic process. Under anaerobic conditions 
much more lactic acid accumulates, apparently because its destruction, if 
it occurs at all, is greatly retarded. This is shown in Fig. 3. The experi- 


O.1 M Phosphate buffer > 
DH 740 0.005 M Phosphate buffer 
m6 
3° 
24 
23 
a2 Se 
~ 
50 Zo 
= 9) 40 80 120 160 so 40 BO 120 160 
TIME OF INCUBATION (MINUTES) TIME OF INCUBATION (MINUTES) 
Fic. l, a Fic. 1, 6 


Fic. 1. Lactic acid production from glucose and its utilization (a) in well buffered 
media, (6) in poorly buffered media. 


LACTIC ACID (MICROGRAMS ) 
7 


i i i i i 


pH 


Fic. 2. Lactie acid production (micrograms per 30 minutes) from glucose by plaque 


material at various pH values. 


ments to illustrate this point were performed as follows: Samples of homog- 
enized plaque material were divided into 2 equal parts; one sample was 
incubated with 1 mg. of glucose in 0.1 M phosphate buffer, pH 7.0, in the 
presence of oxygen-free nitrogen. The other sample was incubated in air 
under the same conditions. Samples were removed from both suspensions 
at varying periods of time and analyzed for lactic acid. Fig. 3 shows that 
anaerobic conditions favor the accumulation of lactic acid. This phe- 
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nomenon may be of some importance in the pathogenesis of dental caries, 
since the interproximal spaces and pits and fissures of the teeth are suffi- 
ciently anaerobic to permit the growth of an anaerobic flora. Anaerobes 
have likewise been isolated from plaque material present on the smooth 
surfaces at the gingival margin, although presumably these areas are 
well aerated (9). 

When lactate formation-destruction curves were obtained on samples of 
plaque material from a number of patients, wide variations were observed 
in the rate at which lactate was destroyed. The following experiment 
shows that the type of curve varies with the amount of plaque material in 


llr 


~ 


o 


© Anaerobic conditions 
* Aerobic conditions 


LACTIC ACID (MICROGRAMS PER 9.1 cc.) 


i i i i 
6) 20 40 60 80 100 120 
TIME OF INCUBATION WITH GLUCOSE (MINUTES) 


Fic. 3. The production of lactic acid from glucose (1 mg. per 2 ce.) and its decom- 
position by plaque material at pH 7 under aerobic and anaerobie conditions. 


suspension, that with heavy suspensions the lactate can be completely 
destroved, while with light suspensions only a partial destruction occurs. 
The shape of the curve can be varied by simply diluting a heavy suspension 
of plaque material with buffer solution, as can be seen in Fig. 4. In all 
these samples the total volume of suspension was the same, as well as the 
glucose and phosphate buffer concentration. However, there were 4 times 
as much plaque material in the most dense suspension as in the least dense. 
Lactic acid analyses were performed on comparable aliquots in each ease. 
The experiment illustrated in Fig. 4 shows that it is meaningless to compare 
the metabolic activity of plaque material obtained from patients with 
varying degrees of caries activity unless equivalent suspensions are ana- 
lyzed. Nor is it permissible to obtain the dry weight of a given aliquot of 
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suspension and then multiply by a dilution factor in order to express the 
results on an equivalent basis.” 

This behavior of suspensions of plaque material when thev are diluted 
has been confirmed by several experiments. ‘The exact mechanism of this 
shift in the curve has not been elucidated, but it is quite probable that a 
dilution effect is operative here similar to that described by other workers 
with tissue suspensions (10). There is also the added possibilitv that cer- 
tain diffusible cofactors, necessary for the oxidation of lactic acid, may be 
the limiting factors in this reaction. Thus when the bacterial suspension 


lar * Original plaque suspension 
© Plaque suspension diluted two times 
ilf @ Plaque suspension diluted four times 


LACTIC ACID (MICROGRAMS PER 0.1 ec.) 


20 40 60 = 18) 100 120 
TIME OF INCUBATION WITH GLUCOSE (MINUTES) 
Fic. 4. The influence of density of the SUSPeLSION of plaque material Upon the 
lactic acid formation and destruction. The ghicose concentration is 1 mg. per ee. of 
suspension in 0.2 Mm phosphate buffer, pH 7.0. 


is diluted, these factors may not be present in sufficient Quantity to main- 
tain a proportional reaction rate. 

Production of Acids Other Than Lactic Nev hy Plaque Vat rial from 
Grlucose—-Since Friedemann (11) has shown that under anaerobie condi- 
tions certain pathogenic bacteria produce acetic and formic acids in addi- 
tion to lactic acid, and since many organisms are capable of utilizing lactate 
aerobically with the formation of acetic acid, it seemed desirable to study 

? Neuwirth and Summerson (5) found no correlation between the degree of dental 
caries and the capacity of the saliva to metabolize lactate. Some specimens of saliva 
consumed lactate rapidly, while others did so only very slowly. It may be that the 
variable rate of lactate consumption is a function of the number of bacteria present 


per unit volume of saliva. 
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the formation of steam-volatile acids by plaque material. It is also of 
interest to ascertain whether the lactic acid and the volatile acids together 
comprise the total acidity of suspensions of plaque material or whether 
still other acids are formed. It has already been pointed out that there is 
good indirect evidence for the formation of acids other than lactic. 

As a first approach to this problem, experiments were carried out in the 
following manner. Sufficient plaque material was pooled to give 3.6 ce. 
of fairly heavy suspension. ‘This was homogenized and 0.5 ee. aliquots 
were centrifuged. The supernatant fluid was withdrawn, discarded, and 
replaced by exactly 0.50 cc. of O.L M phosphate buffer, pH 7.0, containing 
2 mg. of glucose. The plaque material was resuspended in the buffer 
solution and incubated at 37° for varving periods of time. At the end of 
the incubation period, the sample was heated for 2 minutes in a boiling 
water bath to destroy all enzyme activity. It was then cooled and the 
sides of the tube were washed down with | ce. of distilled water. Samples 
of the resulting diluted suspension were analvzed for lactic acid. The 
remainder was centrifuged and the supernatant fluid quantitatively re- 
moved to a larger tube. The residue was washed once with | ce. of water 
and the resulting supernatant fluid added to the first. The combined 
supernatant fluids were then titrated with 0.0083 Nn NaOH to the full pink 
color of phenolphthalem (pl 8.5). The titration difference between the 
sample incubated with glucose and a control incubated without glucose 
isa measure of the total acids formed. 

The titrated samples were acidified with 5 per cent phosphotungstic acid 
to pH 2.5, and transterred to a 50 ec. distilling unit with sufficient water 
tomake 20 ce. During the distillation, water was added continuously to 
maintain this volume, and six samples, comprising a total of 105 ce., were 
distilled over. ‘Titration of the distillates gave «a measure of the volatile 
acids. 500 y of acetie acid added to plaque material could be recovered 
with a precision of +1 per cent by the total acid procedure. 90 to 95 per 
cent of the same amount of acetic acid could be recovered by the volatile 
acid determination with a precision of +5 per cent. 

Several samples of plaque material were incubated and analyzed in this 
manner. big. 5shows the results obtained in a typical expertment. Maxt- 
mum lxetic acid formation occurs within 380 minutes and thereafter de- 
creases rapidly. Volatile acids, on the other hand, are produced at a 


fairly constant rate throughout the 2 hour period. The total acids are 
produced very rapidly in the first 45 minutes, and thereafter the rate of 
productiondalls off. It should be pointed out that the amount of sub- 
strate (glucose) is limited in these experiments. This, no doubt, accounts 
for the decrease in the rate of total acid production. At no time is the sum 
of the lactic acid and volatile acids equal to the total acids, Table Il. The 
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difference between the total acids and the sum of lactic acid plus volatile La 
acids comprises between 30 and 40 per cent of the total acids. ‘These non- jus 
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TIMB OF INCUBATION WITR GLUCOSE (MINUTES) 
Fic. 5. The acids produced from glucose (2 mg. per 0.5 ec. of suspension) by plaque 
material at pH 7 and 37°. 
TABLE II 
Acid Produced from Glucose | 


The concentrations of acid given represent the total amounts accumulated from per 
2 mg. of glucose at the stated time interval. 


Ar ids not 


Incubation Lactic acid Volatile acids Total acids 
ph 
min. mu NaOH mu mu mu NaOH en 
2 15 1.6 1.1 SS 3.1 du 
3 30 6.5 2.3 12.8 4.0 
4 45 6.2 3.2 14.2 4.8 Ga 
5 60 5.2 4.5 14.3 4.6 Af 
6 90 3.2 5.7 15.0 6.1 eq 
7 — 1.9 7.2 15.7 6.6 = 
volatile acids are produced most rapidly in the first 15 minutes of in- res 
cubation. in 


It is of interest to compare the metabolic activity of a pure strain of 
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Lactobacilli isolated from the oral flora with that of the plaque material 
just described. A heavy suspension of the washed bacteria in 0.1 mM phos- 
phate buffer was treated with glucose (1 mg. per 0.5 ec. of suspension). 
Aliquots of the suspension were incubated for varving periods of time and 
were then analyzed as described previously. Fig. 6 shows that lactie acid 
was rapidly produced but it was not metabolized further. Volatile acids 
are not formed during the first 30 minutes and thereafter only small 
amounts appear. The total acids formed from glucose are in excess of 
the lactic acid plus volatile acids. In this connection it is of interest that 
the production of malie acid by oral Lactobacilli has been reported (12). 


- 
° 


x Total Acids 
+ © Lactic Acid 


@ Volatile Acids 


ACID FORMED (AS MICROMOLS OF NaOH) 


ri i 4 
0 20 40 60 80 100 120 
TIME OF INCUBATION WITH GIJCOSE (MINUTES) 


Fig. 6. The production of acids from glucose (1.0 mg. per 0.5 ec. of bacterial sus- 
pension) by oral Lactobacilli at pH 7 and 37°. 


Nature of Volatile Acids Produced from Glucose —The identification of the 
volatile acids produced aerobically from glucose by plaque material at 
pH 7.0 has proved to be a difficult problem. It was not feasible to obtain 
enough plaque material so that large quantities of the acids could be pro- 
duced to permit their isolation. Samples of plaque material were collected 
daily from three or four patients, incubated with glucose, and distilled. 
After a week, the combined distillates were found to contain volatile acids 
equivalent to 15 mg. of acetic acid. Duclaux constants obtained on this 
acid mixture averaged 10.7. Duelaux constants on pure acetic acid and 
propionic acid obtained with the same distilling unit averaged 7.3 and 14.2 
respectively. A mixture of these acids, 8.4 mM in acetic acid and 4.9 mm 
in propionic acid, gave an average Duclaux constant of 11.0. 

The mixture of volatile acids obtained from plaque material was steam- 
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distilled at pH 9.0 to remove neutral steam-volatile substances. It was 
reacidified to pH 2.5 with phosphotungstie acid and the volatile acids 
again steam-distilled. The fractions obtained in this distillation were 
titrated to pH 8.5 in a vessel containing a glass electrode, and were con- 
centrated in a vacuum desiccator. 10 ce. of the final solution contained 
sodium salts of the unknown acids equivalent to 12.7 mg. of acetic aeid. 

An estimation of formic acid was carried out on this solution by a mano- 
metric procedure in the Warburg apparatus. It had previously been 
determined that by using a 5 cc. vessel, as little as 50 y of formie aeid 
could be estimated. 0.3 ec. of solution containing the tormate in the 
vessel side arm is tipped into 0.7 ec. of 0.02 Mm KAInNO, acidified to 0.1 x 
with HoSO,;. The reaction is complete in | hour; approximately 0.5 ¢.mm. 
of COs is liberated per microgram of tormic acid oxidized. Under the 
same conditions acetic acid and propionic acid vielded negligible amounts 
of COs. When several volatile acid samples obtained trom plaque material 
were analyzed in this way, formic acid was never more than, and usually 
less than, LO per cent of the volatile acids. 

Several volatile acid concentrates were tested for acetic acid by the 
lanthanum nitrate test, alwavs with negative results. Yet the Duclaux 
constant suggested that it was certainly present. Subsequently the spot 
test deseribed by Feigl, Zappert, and Vasquez (13) was emploved and a 
good test for acetic acid obtained. By a rough comparison of the intensity 
of the color produced by a given volume of the volatile acid concentrate 
and known amounts of acetate it was estimated that about one-third of the 
total volatile acids could be accounted tor as acetie acid, 

MeNair (14) has deseribed an oxidimetric method for the estimation of 
propionic acid. The method is not specific, since acetic acid reacts to a 
slight extent. However, the difference in reactivity is great enough to 
make the test of diagnostic value. In order to apply the method to such 
small amounts of acid as were available, all the quantities of the reagents 
were reduced 10 times. Comparable samples of acetic and propionic acids 
were run through the procedure at the same time. In this wavy it was 
estimated that between 15 and 20 per cent of the total volatile acids 
reacted like propionic acid. 

The mercurous salts of the volatile acids have a characteristic crvstalline 
structure. However, all attempts to establish the identity of the acids 
in the distillates by the formation of these mercurous salts were unsuccess- 
ful. The presence of significant amounts of the higher fattv acids could 
be excluded on the basis of the Duclaux constants and the absence of any 
pronounced butvrous odor in the distilled samples. 

It is realized that the relative amounts of the various acids vary from 


sample to sample. This is to be expected with such a heterogeneous flora. 
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Yet in all the samples examined thus far, formic acid has not appeared in 
any appreciable concentration, and acids of greater chain length than 
propionic acid do not seem to be formed to any appreciable extent. Pyru- 
vic acid was present in such small amounts that it could be neglected. 


DISCUSSION 


When dental plaque material is incubated in vitro with glucose, lactic 
acid is formed so rapidly that it accumulates to a considerable extent. 
Unquestionably this occurs likewise on the teeth zm situ following the 
ingestion of glucose, sucrose, and other carbohydrates (15). However, 
in situ, the pH of the plaque material falls as acid is produeed. Since it 
has been pointed out in this paper that the further breakdown of lactate 
oceurs Chiefly at neutral reaction, it is quite probable that this breakdown 
isa much slower process tn situ than in vitro at pH 7. The decomposition 
of lactic acid im situ probably proceeds as the salivary buffers exert their 
effect, a process which may take as long as 30 to 90 minutes (16). The 
decomposition of lactic acid would be turther delayed in the mouth by 
anaerobic conditions that may obtain in the caries-susceptible areas. 

The slower but continuous formation of volatile acids that has been 
demonstrated to occur at neutrality 7m vitro probably oecurs also in the 
mouth, as the saliva buffers the acidity of the plaque material. Since 
formic aeid, which is one of the stronger steam-volatile acids, is formed in 
such small amounts, this process is in effect the replacement of the rela- 
tively strong lactic acid by less dissociated steam-volatile acids such as 
acetic acid and propionic acid. 

The rapid production of acids other than lactic and volatile acids may 
be of some significance. Should these acids prove to be of the dicarboxylic 
tvpe, such as sucemic or malic, relatively strong acids would have been 
produced whieh in addition can form undissociated complexes with cal- 
eum (17). The rapidity with which the non-volatile acids are produced 
suggests that they can be tormed directly trom glucose and do not appear 
primarily when the Inetie acid is Consumed. ft would be of considerable 
interest to study their production under anaerobie conditions. 


SUMMARY 


1. It has been demonstrated that the rapid destruction of lactie acid 
formed trom glucose by the bacterial flora of dental plaque material oceurs 
chiefly at neutrality and under aerobie conditions. 

2. The rate of lactate breakdown is turthermore a function of the con- 
centration of plaque material; 7.¢., with verv heavy suspensions, the rate 


Is quite rapid, while with less dense suspensions a disproportionately 
greater time is required to achieve the same effect. 
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3. Concomitant with lactic acid formation and breakdown, there is g 
slower but steady formation of steam-volatile acids. One of these is acetie 
acid and another reacts like propionic acid. Formic acid is produced in 
small amounts only. 

4. Besides lactie acid and the volatile acids there is a rapid production 
of a certain quantity of non-volatile acid. The identity of the acid or acids 
which constitute this fraction has not been established. 


The author wishes to express his gratitude to Dr. Robert M. Stephan 
for his help in obtaining the dental plaque material employed in this 
study, and to Dr. Benjamin F. Miller for his suggestions and advice. 
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METABOLIC INTERRELATIONSHIPS OF ASCORBIC ANT) 
CITRIC ACTDS* 


By HELEN J. PURINTONT ano CECILIA SCHUCK 


(From the Department of Foods and Nutrition, Purdue University, Lafayette) 
(Received for publication, February 8, 1943) 


The alleged synthesis of ascorbic acid by the albino rat has made it a 
suitable animal for the investigation of the possible metabolic source or 
sources of this substance. The recent work of Sealock (1), Levine, Mar- 
ples, and Gordon (2), and others seems to indicate a relationship of vitamin 
C to various members of the Szent-Gy6rgyi-Krebs dicarboxylic acid cycle. 
This relationship has been investigated by them to determine the réle of 
ascorbic acid in intermediary protein metabolism. One of the members 
of the Szent-Gyorgvi-Ktrebs oxidation evele, citric acid, has not been in- 
vestigated to determine its possible relationship to vitamin C. The ease 
with which citric acid is converted to various other members of the evele 
and the postulated relationship of the converted forms to ascorbie acid 
suggested an investigation in which simultaneous studies are made of the 
metabolism of citric and ascorbic acids. Krebs, Salvin, and Johnson (3) 
added citrates to the tissues of the rat and attempted to follow the fate of 
these compounds. ‘The citrates soon disappeared as such but seemed to 
give rise to a-ketoglutarie acid, fumarie acid, and other acids which have 
been included in the oxidation schemes of Krebs and Szent-Gy6rgyi. 
There was no determination in this study of ascorbie acid but it seems 
possible that citric acid in passing through one of the above intermediary 
products might be related either direetly to ascorbie acid or to a preeursor 
or catalytic svstem involved in the synthesis of aseorbie acid. 

Certain compounds have been shown to influence the tissue content and 
excretion of ascorbie acid (4, 5). Other compounds have been noted to 
exert an influence on the tissue content and output of citrie acid (6). 
There have been no published reports of the effeet of any of these com- 
pounds on both ascorbie and citrie acids. 

Investigations of metabolic relationships between ascorbie and citric 
acids have been hindered because of problems connected with methods of 
analysis, particularly those for citric acid. The classical method of Am- 
berg and MeClure (7) is cumbersome and time-consuming, and involves 
arather large correction factor (5 mg.). Normal ascorbie acid values are 


* Aided by a grant from the Purdue Research Foundation. 
t Material based on a doctoral thesis submitted to the Graduate School, Purdue 
University. 
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available for rat tissues but until the recent work of Dickens (8) very little 
information had been given in the literature as to the quantities of citric 
acid in animal tissues. “Phe need for more data on normal citric acid values 
for rat tissues is evident. 

The present study was planned (a) to investigate the effect upon the 
ascorbic acid content of tissues and urine produced by the ingestion of 
sodium and potassium citrate, two substances which have been shown to 
influence citric acid output, and (b) to study the effeet, one upon the other, 
of ingested aseorbie and citrie acids. 


EXPERIMENTAL 


Care of Anoamals— The voung adult rats used in this study were housed 
in specially constructed metabolism cages consisting of a perforated alum- 
inum pie pan, covered by an inverted wire basket, placed on a large glass 
funnel, the stem of which dipped into a small flask containing 6 per cent 
metaphosphoric acid. The opening of the flask was wrapped in cotton. 
These cages had the advantage of being less expensive than many types of 
metabolism cages and of allowing tor the analvsis of urine tor ascorbie acid 
with the least possible loss of this substance. The perforations were num- 
erous enough so that the urine dropped into the preserving and collecting 
flask immediately upon being voided. 

The basal diet consisted of dog chow and evaporated milk, a diet previ- 
ously found by one of us (H. J. P.) to result in the exeretion of a fairly 
constant amount of ascorbie acid. The supplements used were eitrie and 
ascorbie acids, sodium and potassium citrates, and combinations of the 
above in the form of natural orange juice or a synthetic preparation re- 
sembling it in ascorbie acid, citric acid, and citrate content. 

Aliquots of urine collections were analyzed daily for ascorbie acid and on 
alternate davs for citric acid. 

At the end of the supplemental teeding period ascorbic and citrie acid 
values were determined for blood and organs ot rats on the basal diet and 
on supplements of sodium and potassium citrate (Table 1). 


Methods of A nalysts 


Citric Acid Vhe method which was used in this study is an adaptation 
of the micromethod developed in 1936 by Pucher, Sherman, and Vickery 
(9). Difficulties were encountered in adapting this method to use with 
the Evelyn photoelectric colorimeter and obtaining reproducible results. 
The following modifications have been made and found useful. 

The solution to be analyzed, containing not more than 2.0 mg. of cite 
acid, is placed in a 125 ml. Erlenmever flask and a mixture of 10 ml. of 
10 per cent trichloroacetic acid and water added to give a final volume of 
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75 ml. |! mi. of concentrated sulfuric acid is added and the solution is 


digested until the volume of the original is reduced one-half. The solution, 
if diluted, must be at least 1 N with respect to sulfuric acid before further 
treatment is used. ‘This solution is cooled in ice and brominated with such 
a quantity of bromine water that at the end of 20 minutes the solution 
is still colored with the bromine and gives off bromine fumes when the 
potassium bromide solution is added. The permanganate solution (from 
5to 15 ml., depending on the concentration of citric acid present) is added 
with the care of a titration until the appearance of the first permanent 
permanganate color. After 15 minutes this solution is decolorized com- 
pletely by the use of sulfur dioxide. ‘The gas 1s passed through the solution 
and the excess gas is removed trom the clear solution by complete aeration 
for at least 10 minutes, or until no odor of the gas is detectable. The 
pentabromoacetone is then extracted with petroleum ether and the thor- 
oughly washed ether layer is treated with sodium sulfide. The colored 
laver formed is drawn off directly into 5 ml. of dioxane placed in the ab- 
sorption tube furnished with the macro portion of the Evelyn colorimeter. 
The final volume with the colored lavers is 11 ml. This solution is placed 
in the colorimeter and read after being allowed to stand for exactly 2 
minutes, in the dark. ‘The blank solution consists of 5 ml. of dioxane and 
6 ml. of sodium sulfide, and is read after exactly 3 minutes in the apparatus. 
This difference in time equalizes the blank and unknown solution and is 
very necessary because of the rapid fading of the vellow-colored layer 
formed with the sodium sulfide. The blank is allowed to stand for | minute 
longer, because the sodium sulfide has been added to it all at onee, instead 
of being added in portions, as is the case with the solution being tested. 
Filter 420 is used for the determination. A standard curve is prepared 
with the solutions of known strength of pure citrie acid. The machine is 
adjusted so that the blank gives a reading of 100. 

Because of the possibility that the addition of the sulfur dioxide to the 
oxidized and brominated solution might produce a product which would 
interfere with the pentabromoacetone conversion, it was necessary to study 
the nature of the reaction occurring between pure pentabromoacetone and 
sodium sulfide. This reaction could then be compared with the substance 
formed in the solution when sulfur dioxide gas is used as a decolorizing 
agent. For the preparation of a pure standard compound, the methods 
for the preparation of pentabromoacetone described by Cahours (10), 
Cloez (11), Wilde (12), Wichelhaus (13), and Lederer (14) were tried. 
That finally adopted consisted of treating a concentrated solution of sodium 
citrate with bromine, heating to 100°, and cooling. The clear oil which 
separated was treated with boiling aleohol and the solution allowed to 
evaporate in the air. Repeated reerystallizations from boiling alcohol 
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yielded fine, almost colorless, prism-like needles. When a micro melting 
point determination was made upon these crystals, a melting point of 75.5°, 
uncorrected, was obtained, as compared with the corrected melting point 
of 72.8-75° reported in the literature. This substance was dissolved both 
in pyridine and in dioxane and treated with sodium sulfide, and the ab- 
sorption spectrum was compared with those of citric acid solutions treated 
both with sulfur dioxide as a decolorizing agent and with ferrous sulfate 
used in thismanner. The curve obtained from a solution prepared by using 
sulfur dioxide as the decolorizing agent and dioxane as the solvent more 
nearly resembled the curve obtained with the crystalline substance than 
did that obtained by any other procedure. 

The method was further checked by comparison with results obtained 
by the gravimetric method of Amberg and McClure (7). Animal tissues 
were used as the test substances and very close agreement was obtained 
between the two methods. The micromethod herein described has the 
advantage of taking much less time for a single determination. | 

Ascorbic Acid—A combination of the methods of Bessey (15) and Mind- 
lin and Butler (16) was used to determine the ascorbie acid concentration 
in the blood, urine, and tissues. The determinations were made with the 
micro portion of the Evelyn colorimeter. The citrate buffer suggested by 
Bessey was used and the dye was buffered with sodium bicarbonate. The 
tissues were extracted by the method of Bessey. In the micro colorimetric 
method, 0.3 ml. of dve was added to the buffered tissue extract, so that the 
final volume of dve and extract was 1.1 ml. 

Very little mention has been made in the literature of the care which 
must be exercised in the preparation of the dve solution. Many investiga- 
tors have found that the commercial dye preparation often contains im- 
purities. Unless these impurities are completely removed, it 1s impossible 
to get reproducible results. For the determinations reported here we have 
used a dve synthesized by Dr. S. M. Hauge of the Purdue Agricultural 
Experiment Station. Just prior to use, this dve was further purified by 
reextraction (preferably for 10 to 18 hours) and treatment of the dye 
solution itself with diatomaceous earth. With a solution so treated, close 
checks with standard ascorbie acid solutions were obtained. The A value 
for this dye with Filter 520-M was 0.026. 


DISCUSSION 


The findings of the study are summarized in Tables I and II. The 
ascorbic and citric acid values for the tissues analyzed are recorded in 
Table I and the excretion values in Table IT. 

In order that the results might offer better means of comparison, both 
the citric and ascorbic acid figures have been reported in terms of mg. per 
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gm. of body tissue. In this connection it should be noted that the adrenal 
glands of the rats on the sodium and potassium citrate supplements were 
atrophied, which makes the changes per gm. more marked than would be 
the case on the per organ basis. 

There appears to be an inverse relationship between ascorbie and citric 
acid excretion. In most instances the administration of substances which 
caused an increased citric acid output resulted in a decreased ascorbic acid 


TABLE 


Effect of Sodium and Potassium Citrate upon Ascorbic and Citric Acid Content of Rat 
Tissues 


The values are averages. Average weight of the animals used, 160 gm. 


Sodium citrate Potassium citrate 
Tissues analyzed Acid {11 animals), (14 animals), 
‘ 20 mg. per day 20 mg. per day 
me. per em. me. per gm. me. per gm. 
Liver Ascorbic 0.671 | 0.369 0.149 
Citrie 1.36 3.45 3.43 
Adrenals Ascorbic 12.75 1.24 7.54 
Citric 285 624 402 
Spleen Ascorbic 0.767 1.82 1.75 
Citric 14.84 S6.10 113.1 
Kidneys Ascorbic 0.348 0.471 0.211 
Citric 6.72 76.0 .2 
Intestine Ascorbic 0.365 0.522 0.171 
Citric 2.40 0.00 18.0 
Brain Ascorbic 0.434 0.180 0.100 
| Citric 2.61 13.0 11.1 
ms. per cent me. per cenl me. per cent 
Blood Ascorbic 2.9 aia 3.7 
Citric 1.3 2.8 
mg. per day | mx. per day meg. per day 
Urine | Ascorbic 1-1.5 0.1-0.2 0.25-0.5 
Citric 0.8-1.2 12-15 28-32 


excretion. An increased citric acid content in the tissues of the organs 
analyzed was also found in some cases to be accompanied by a decreased 
ascorbic acid content. On the other hand, when the basal diet was supple- 
mented with ascorbic acid, this was largely or wholly excreted and there 
was a decrease in citric acid excretion. 

This occurred when ascorbic acid was fed in large amounts alone or in 
the form of a laboratory preparation (synthetic orange juice, Table IT) 
which also contained citric acid and citrates. In the latter case the citric 
acid excretion was not depressed below the normal, but was definitely lower 
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than would be expected from the amount of citric acid and citrates in- 
gested. 

The alkalinity (recognized as a factor in increasing tissue content and 
excretion of citric acid) which is brought about by the feeding of sodium 
and potassium citrates and to a lesser extent by orange juice may have 
operated to decrease the amount of ascorbic acid present in body tissues 
and in the urine. However, the increased citric acid excretion brought 
about by supplementation with citric acid itself was likewise accompanied 


TABLE II 


Effect of Various Supplements upon Citric and Ascorbic Acid Excretion 


Intake Output 
itric acid | Citric acid 
mo. me. per day mg. per day 
None, basal diet only 1.5 1.2 
14 Potassium citrate 
11 Sodium citrate 13.0 0.12 14.8 
Citric acid 1:38 Q.68 
6 Aseorbie acid 23 .0 0.52 
s Orange juice (frozen)* 5.64 12.8 1.26 1.9 
5.60 24.0 0.32 12.8 
Synthetic orange juice 23.0 24.09 3.09 
Aseorbie acid 34.88 
Citric acid 7.28 
citrate 16.6 
Na citrate 11.0 
* The citric acid intake was increased by increasing the amount of orange juice 


fed. The same sample of orange juice was used throughout and owing to losses in 
ascorbic acid the increased intake of orange juice did not mean an increase in ascorbie 
acid intake. 


by a decrease in ascorbic acid excretion. Further investigation of the vari- 
ous factors involved is necessary before any conclusions can be reached 
concerning interrelationships between ascorbie and ettrie acid. 


SUMMARY 


A modification of the Pucher, Sherman, and Viekery micromethod for 
citric acid determination is described. 

An investigation of the tissue content and exeretion of asceorbie and 
citric acids in the albino rat suggests the existence of an inverse relationship 
between the tissue content and exeretion of ascorbie and ecitrie aeids. The 
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increase of citric acid in some of the organs and in the urine brought about 
by feeding certain substances was accompanied by a decrease in ascorbic 
acid. On the other hand the feeding of ascorbie acid which was largely 
excreted was accompanied by a decrease in citric acid output. 


We wish to express our gratitude to Hoffman-LaRoche, Inc., for supply- 
ing the ascorbie acid used in this study and to Dr. M. G. Mellon of the 
Department of Chemistry, Purdue University, for assistance in determining 
the absorption spectrum of the pure pentabromoacetone. 
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LETTERS TO THE EDITORS 


A MODIFIED ANTIMONY TRICHLORIDE REAGENT FOR THE 
DETERMINATION OF CERTAIN STEROLS AND 
VITAMINS D, AND D,* 

Sirs: 

In 1940 a method! was reported from this laboratory for the spectro- 
photometric determination of vitamins D, and D;. The new reagent 
developed for this method consisted of the well known antimony tri- 
chloride-chloroform reagent with the addition of acetyl chloride. When 
attempts were made to use this reagent with sterols, the results were un- 
satisfactory in that after the initial period of reaction, during which the 
color developed, the color did not stay constant for any appreciable time, 
as was observed when the acetyl chloride modification of the reagent was 
used with vitamins D, and D,;. Furthermore, the color change varied from 
one experiment to another. 

The suggestion was made by one of us (C. H. N.) that this difficulty 
might be due to the presence of pentavalent antimony. Accordingly, a 
reducing agent such as metallic zinc, tin, or antimony was added to the 
solution in an attempt to remove or to reduce the concentration of pen- 
tavalent antimony. When the antimony trichloride reagent containing 
acetvl chlonde is treated with any of these metals, a reagent results which 
is satisfactory for the determination of cholesterol and other sterols as 
well as vitamins I. and D3. It develops no color with saturated sterols. 
Sterols with one double bond in Ring B give a yellow color having an 
absorption curve which slopes from the violet toward the red. Sterols 
with two double bonds in Ring B show a shallow maximum at 510 to 
515 my, while vitamins D, and D; have a pronounced maximum at 500 mu. 

The extinction coefficients E}%, at the respective wave-lengths are of 
the following magnitude: sterols with one double bond (500 my) 2.2, 
sterols with two double bonds (provitamins) (515 my) 7.0, and vitamins 
D, and ID); (500 mu) 1800. Double bonds in the side chain have no influ- 


* Journal series paper of the New Jersey Agricultural Experiment Station, Rutgers 
University, Department of Agricultural Biochemistry. 
'Nield, C. H., Russell, W. C., and Zimmerli, A., J. Biol. Chem., 136, 73 (1940). 
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ence on the character of the absorption curve or the magnitude of the 
extinction coefficient. 


Department of Agricultural Biochemistry A. ZIMMERLI 
New Jersey Agricultural Experiment Station Cyrit H. Nrewp 
and Rutgers University Waurer CC. 


New Brunswick 


Received for publication, February 25, 1043 
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THE OCCURRENCE IN URINE OF PROTEIN SOLUBLE IN 
PRICHLOROACETIC: 


Sir 


In the urines of a series of patients with proteinuria, from 4 to 20 per 
cent of the total protein has been found to be not precipitable by trichloro- 
acetic acid. ‘To obtain the non-precipitable protein in approximately pure 
solution the albuminous urine was freed of extractives by 24 hour dialysis 
against tap water. To redissolve precipitated globulin the dialysis was 
finished against 0.2 per cent NaCl. The precipitable proteins were pre- 
cipitated by 0.25 mM trichloroacetic acid and the acid was removed from 
the filtrate by dialysis. That the material left in the solution is a protein, 
and has some of the properties of a globulin, is indicated by the following 
observations. 

1. It is not dialyzable through cellophane (Visking cellulose 27/32 
No Jax). 

2. It is precipitable by heat and acetic acid, and by half saturation with 
ammonium sulfate. 

3. The amount of the protein estimated by the colorimetric biuret 
method! agrees with the amount estimated by the Kjeldahl method as 
6.25 times nitrogen. 

4. Determination of the free amino nitrogen with nitrous acid? showed 
1.7 per cent of the total nitrogen in the form of free NH.» groups in the intact 
protein, and 70 per cent after hvdrolvsis for 24 hours with 6N HCl. These 
figures are within the range of those found for native proteins.* 

5. Determination of free a-amino acids by the ninhvdrin-CO. method 
gave an entirely negative result before hydrolysis, and showed 75 per cent 
of the nitrogen in the a-amino groups after hydrolysis. This behavior is 
also consistent with that of proteins.’ 

6. When subjected to electrophoresis at pH 8.6 (sodium-veronal buffer) 
ina Tiseliis apparatus, the protein migrated with a mobility only slightly 
lower than that of a-l-globulin of human serum, but higher than that of 
the a-2 fraction. 

7. The proteins in the urines of several patients were fractionated elee- 


Hiller, A., Proe. Soc. Biol. and Med., 24, 385 (1927). 

?Van Slyke, D. D., J. Biol. Chem., 83, 425 (1929). 

Van Slyke, D. D., and Birehard, F. J., /. Biol. Chem., 16, 539 (1913-14). Van 
Slyke, D.D.,/. Biol. Chem., 12, 295 (1912) 

‘Van Slyke, D. D., Dillon, R. T., MacFadyen, D. A., and Hamilton, P., J. Biol. 
Chem., 141, 627 (1941). 
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trophoretically. The amounts found in the a-1-globulin fraction approxi- 
mated the amounts not precipitable by trichloroacetic acid. 

The presence of this protein may account for some of the discrepancies 
in protein determinations between methods involving trichloroacetic acid 
precipitation and methods not involving such precipitation. 

Further observations indicate the presence of this protein or a similar 
one in human plasma. 


The Rockefeller Institute for Medical Research Wituram W. Beckman 
New York AutMA HILLER 
THEODORE SHEDLOVSKY 
ReGinatp M. 


Received for publication, March 17, 1943 


5 Fellow of the National Research Council, Division of Medical Sciences. 
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»THE MECHANISM OF DEAMINATION OF SERINE BY 
BACTERIUM COLI* 


Sirs: 


) The possibility of the existence of a metabolic link between phosphatidyl 
serine! and the other phospholipids prompted a study of the action of the 
amino acid deaminase system present in resting suspensions of Bacterium 
coli on the serine phosphatide fraction from beef brain. The preparation 
used had the following analytical figures: P 3.57, N 1.69, amino N 1.67, 
amino acid N 1.37, iodine value 72. 

) The bacteria, although very active in the deamination of both d- and 
l-serine,’ failed to attack phosphatidyl serine which contains the hydroxy- 
amino acid in ester linkage via its hydroxyl group. The importance for 
deamination of the free serine hydroxy! group is further borne out by the 
failure of the bacterial enzyme system to act on the following serine deriva- 
tives: /-phosphoserine, dl-O-methyl serine, dl-O-ethyl serine. (Weare highly 
indebted for these substances to Dr. F. Lipmann, Dr. H. EF. Carter, and 
Dr. V. du Vigneaud respectively. ) 

| We find, in agreement with Stephenson and Gale,* that whereas Bac- 
terium coli deaminates serine under aerobic and anaerobic conditions? 
alanine is attacked only aerobically. On the basis of the findings outlined 
above, it may be assumed that the deamination of serine and that of alanine 
do not proceed by the same path. It is, moreover, noteworthy that the 
alanine oxidase of Bacterium coli appears to be unable to act on the O-ethers 
and esters of serine. A reaction mechanism that takes into account the 
necessity of the free serine hydroxyl group for the deamination of serine 


~ 


could be formulated as follows: . 
—~H,0 
OHCH,-CH-COOH CH,=C-COOH 
NH, NH, 
H,O 
CH,-C-COOH CH,-CO-COOH + £NH; 


NH 


* This work has been supported by a grant from the John and Mary R. Markle 
Foundation. 

1 Folch, J., and Schneider, H. A., J. Biol. Chem., 187, 51 (1941). 

* Gale, ke. F., and Stephenson, M., Biochem. J., 32, 392 (1938). 

* Stephenson, M., and Gale, EF. F., Biochem. J., 31, 1316 (1937). 
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It has, in agreement with the postulated mechanism, been possible to 
isolate pyruvic acid as the product of the deamination of serine by Bacterium 
col. In a typical experiment, 3 gm. of wet bacteria were suspended in 
25 ec. of water and shaken with a small amount of toluene for 5 minutes. 
Following the removal of the toluene, the bacterial suspension was added 
to a solution of 500 mg. of d/-serine in 25 ec. of 0.1 M phosphate buffer of 
pH 7.4 and the mixture shaken for 2 hours at 38°. After centrifugation, 
10 ce. of 380 per cent trichloroacetic acid were added to the supernatant, 
The addition to the filtered solution of 400 mg. of 2 ,4-dinitrophenyl- 
hydrazine in 50 ce. of 2 N HCl produced the precipitation of 227 mg. of the 
lemon-vellow pyruvic acid 2,4-dinitrophenylhydrazone. Atter two reerys- 
tallizations from ethyl acetate the substance melted with decomposition 
at 215° and showed no depression of the melting point on admixture of an 
authentic specimen of this hyvdrazone. Found, C 40.27, H 3.05, N 20.70: 
calculated for CyHsOgN, (268.2), C 40.30, H 3.01, N 20.89. In parallel 
experiments with d/-alanine no hydrazone was precipitated. 

These studies, including experiments with mammalian tissues, are being 
continued and will be presented in detail at a later date. 

Department of Biochemistry CHARGAPFE 
College of Physicians and Surqeons Davin Bo Sprinsoyx 


Columbia Universily 


New York 


Peceived for publication, NMlarch 17, 19048 
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A NEW STEROID GLUCURONIDE FROM HUMAN URINE 
Sirs: 

From the urine of a young girl showing masculinism! we have obtained, 
by the Venning method,? a material which is not sodium pregnanediol 
glucuronide (NaPG). The excretion of this material has been followed 
for nearly 3 years at monthly intervals, the amount varying from 0 to 
100 mg. per 24 hours. 

The substance is obtained on recrystallization from 95 per cent alcohol 
as fine white granules, in contrast to the platelets of NaPG. It is more 
difficultly soluble in 95 per cent alcohol than NaPG but more soluble in 
water. It melts with decomposition at 267-269°. Qualitative tests show 
sodium but no nitrogen or sulfur. It does not reduce Benedict’s solution 
until after hvdrolysis. By the method of Allen and Viergiver® the amount 
of reduction is the same, within the limit of error, as for NaPG. It gives 
a positive ‘Vollens naphthoresoremol test for glucuronic acid, differing from 
NaPG in that the aqueous phase has a greenish vellow color (not fluores- 
eence). In high concentrations the amount of ether-soluble color is far 
less than that given by an equal weight of NaPG, but by the method 
of Maughan ef al.‘ the amount is only slightly less with the low coneentra- 
tions emploved therein. Hlowever, with but 0.6 cc. instead of 2 ec. of water 
and higher concentrations, the Maughan modification shows the same 
markedly lowered color of the ether phase as in the usual Tollens proce- 
dure. The color of the aqueous phase is the same in either test with any 
concentration so far tried, and is due to the action of the reagents on the 
free steroid. 

We have obtained the tree steroid on hydrolysis by the method of Ast- 
wood and Jones.’ It is more labile to acid hydrolysis than pregnanediol. 
The Beilstein test for halogen is negative. The steroid is very soluble in 
acetone and methanol, less soluble in toluene, and precipitates from dilute 
aleohol more slowly than pregnanediol. While no procedure thus far has 
been found entirely satisfactory, reervstallization from toluene has been 
found supenor to that from aqueous acetone or aqueous methanol. The 
melting point of the best samples obtained is 212-213° (corrected). The 
material is fully saturated by the Rosenmund-Kuhnhenn procedure, is not 


'Case J. W. of Dr. John W. Shirer; to be published elsewhere. 

Venning, J. Biol. Chem 119, 1733 (1937). 

> Allen, W. M., and Viergiver, J. Biol. Chem., 141, 887 (1941). 

‘Maughan, G. B., Evelwn, A, and Browne, J. 8. L., J. Biol. Chem.. 126, 567 
(1038). 

»Astwood, B. 


and Jones, Biol (‘hem 137. 307 


4 
i 


252 LETTERS TO THE EDITORS 


precipitated by digitonin, and responds negatively to the NKiigi-Miescher 
test for 17-hydroxyl. It gives a light yellow color in the Liebermann- 
Burchard reaction. ‘Treatment with lead tetraacetate’ failed to reveal 
1,2-glyeol structure on the side chain. On treatment with Girard’s 
Reagent T, the material appears in the ketonic fraction. An acetate, 
m.p. 192-194°, and an oxime, m.p. 223-225°, have been prepared. The 
free steroid gives a feeble Zimmermann reaction. Oxidation with chromie 
anhvdride in acetic acid, however, yields a product, m.p. 199-200°, that 
gives more color. On examination of the color produced by 50 y jn 
the Pincus® modification of the Zimmermann reaction with a Coleman 
universal spectrophotometer, the curve of the steroid appears to be that 
of a 20-ketosteroid, while that of the oxidation product resembles the curve 
of a 3-ketosteroid. Hence, tentatively, it may be said that the original 
steroid possesses an a-OH group at position 3 and a ketone group at 
position 20. 

Further characterization and ultimate analyses will be reported when 
feasible. 


Department of Physiological Chemistry HeRBERY 5S. STRICKLER 
School of Medicine (’. Boyp SHAFFER 
University of Pittsburgh Donato A. WILSON 
Pittsburgh W. STRICKLER 


The Endocrine Laboratory 
Elizabeth Steel Magee Hospital 
Pittsburgh 


Received for publication, Mareh 15, 1948 


6 Kagi, H., and Miescher, K., Chem. and Ind., 57, 276 (1938). 
7 Criegee, R., Ber. chem. Ges., 64, 260 (1931). 
> Pincus, G:., and Pearlman, W. H., Endocrinology, 29, 413 (1941). 
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DESTRUCTION OF VITAMIN By (PYRIDOXINE) BY LIGHT 


Sirs: 
In the course of our investigations of chemical and microbiological 
methods for the determination of pyridoxine, a marked instability of the 


Destruction by Light of Pyridoxine in Aqueous Solution 


Irradiation* | Pyridoxine 


Calculated 


Period pH Type from extinction | OY est | test’ 
hrs. | y perce.  y¥ perce. | y per ce. 
0 6.8 Artificial? 25 25 25 
6.8 23 | 
4 6.8 18 | 
6.8 12 | 12 
20) 6.8 4 5§ | 4 | 
52 6.8 0.8§ 0.1 
0 6.8 Natural, 25 25 | 25 
12 6.8 a 17 | 17 
24 6.8 13 | 13 
36 6.8 11 11 | 
7) 6.8 Artificial 12 12 | 14 
9 1.0 24 24 22 
9 13.0 | 12 


*The temperature for the artificial irradiation varied from 35-40° and for the 
natural irradiation from 15-20°. Controls in the dark at 90° for 24 hours showed no 
pyridoxine loss. 

+ Absorption curves were obtained for all of the solutions, adjusted to pH 6.80. 
The extinction coefficients were caleulated from the values for maximal absorption 
at 324 mu. 

t In the irradiation experiments with artificial light the solutions were exposed in 
an open beaker 8 inches below a 300 watt bulb mounted in a white reflector. 

§ Distorted absorption curves were obtained for these solutions owing to the 
presence of decomposition products which also absorbed in the ultraviolet region. 

| In the irradiation experiments with natural light the solutions were exposed to 
bright diffuse daylight. 

© This solution showed considerable color development with the 2,6-dichloro- 
quinone chloroimide reagent. However, much of this color was found to be due 
to compounds other than pyridoxine; correction for this was made according to a 


technique to be described. 


vitamin to light was noted. This phenomenon, also observed by Atkin 
and associates,! was investigated quantitatively in the present study by 


1 Atkin, L., Schultz, A. S8., Williams, W. W., and Frey, C. N., Ind. and Eng. Chem., 
Anal. Ed., 15, 141 (1943). 
253 


n- 
a 
e, 
1e 
Ic 
at 7 
in 
in 
ut 
il q 
it 
n q 
4 
| 


254 LETTERS TO THE EDITORS 


physical, chemical, and microbiological methods of assay. The resultg 
are given in the accompanying table. c 

Rapid destruction by light of the vitamin in neutral and alkaline solu. 
tions is apparent from the values obtained by all three methods. Op 
the other hand, little loss of pyridoxine is observed in 0.1 N hvdrochlorie 
acid (pH 1.0). 

The spectrophotometric measurements were conducted in_ solutions 
buffered at pH 6.80 with a Beckman spectrophotometer.? A modifica- 
tion of the chloroimide reaction’ adapted to the Evelvn photoelectrie 
colorimeter was used for the chemical tests. The microbiological pro- 
cedure involved turbidimetric measurement of the growth-stimulating 
property of pyridoxine on a special strain of veast; a modification of the 
method of Williams, Eakin, and MeMahan't was used. Details of the 
ehemical and microbiological methods will be published shortly. 

The present findings on the instability of pyridoxine to light have 
important practical applications in assay, nutritional, and chemical 


studies with this vitamin. Since no measurements were made to deter- 


mine the effect of irradiation in the absence of oxygen, it 1s not certain 
whether the loss is due to light as such or toa photocatalvzed autoxidation, 


Food Research Laboratories, Inc. HocHBere 
New York DANIEL MELNICK 
LOUIS SIEGEL 
KBeRNARD L. Oser 


Reeeived for publication, Mareh 16, 1945 


2 Keresztesy, J. C., and Stevens, J. R., J. Am. Chem. Soc., 60, 1267 (1938). 

3 Seudi, J. V.. Koones, H. F., and Keresztesy, J. C., Proc. Soc. Exp. Biol. and Med., 
43, 118 (1940). Seudi. J. V.. Bastedo, W. A., and Webb, T. J., J. Biol. Chem., 1%, 
399 (1940). 

‘Williams, R. J., Fakin, R. E., and MeMahan, J. R., (nie. Texas Pub., No. 4187, 
24 (1941). 
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THE OCCURRENCE OF ADENOSINE-3-TRIPHOSPHATE IN 
AUTOTROPHIC BACTERIA 


By G. A. LeEPAGE ann W. W. UMBREIT 


(From the Department of Agricultural Bacteriology, University of Wisconsin, Madison) 


(Received for publication, February 1, 1943) 


The ribose phosphates in the adenosine triphosphates (ATP) of yeast 
and muscle are known to have the phosphates in the 5 position (1). The 
ribose phosphate found in the adenyvlic acid from veast nucleie acid was 
shown by Levene and Harris (2) to be a ribose-3-phosphate. Ostern ef al. 
(3-5) have presented evidence that the veast nucleic acid serves as a store- 
house of nucleotides for the formation of ATP and coenzymes, and that this 
transformation involves a shift of the phosphate from the 3 to the 5 position 
at the adenylic acid stage. 

In a previous paper concerning phosphorylated esters in autotrophic 
bacteria (6), it was shown that the third phosphate of the ATP occurring in 
these organisms Was relatively more sensitive to hydrolysis than is that of 
animal muscle or veast ATP. The evidence in this paper demonstrates 
that the ATP in the autotrophic organism, Thiobacillus thiooxidans, con- 
tains ribose-3-phosphate. ‘To our knowledge, this is the first time that the 
3-ester has been reported existing in nature as the triphosphate. Evidence 
is also presented that this organism is unique in possessing adenosine-3- 
triphosphate, since other representative bacteria examined all contained 
adenosine-5-triphosphate. 

Two impheations of this finding are notable; the presence of adenosine- 
3-triphosphate might be related to the ‘‘primitive’’ nature of this organism 
(7), or to the apparently high phosphate bond energies observed (8). 


EXPERIMENTAL 


Ribose-3-phosphate was shown by Levene and Stiller (9) to be hydrolyzed 
(under their conditions) at almost twice the rate observed with ribose-5- 
phosphate. This observation was used as a basis for differentiating be- 
tween the two esters. The entire procedures described have as their pur- 
pose the isolation of the pure ATP or adenylic acid, preparation of pure 
ribose phosphates from these compounds, and determination of position 
of the phosphate by measurement of hydrolysis rate. 

Preparation of ATP—-Muscle ATP was prepared as the barium salt by 
the method of Needham (10), both from normal rabbit muscle and from 
animals subjected to magnesium anesthesia (11). The material obtained 
was at least 98 per cent pure on the basis of easily hydrolyzable phosphorus 
259 
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(calculated as the tetrahydrate). Phosphorus was determined by the 
method of Fiske and Subbarow (12) with modifications as described by 
LePage (13). Nitrogen was determined by a method similar to that of 
Johnson (14). Nitrogen found, 8.09 per cent; caleulated, 8.23 per cent. 
The ratio of easily hydrolyzable to total organic phosphorus was 2:3.02 
(calculated 2:3). There was a trace (0.14 per cent) of Inorganic phos- 
phorus present. 

ATP was obtained from the autotrophic bacterium, Thobacillus thio- 
oxidans, by a procedure previously described (6) and the material isolated 
by the method of Needham (10). The resulting material had the following 
composition: nitrogen found 8.08 per cent, calculated 8.23 per cent; total 
organic phosphorus found 10.80 per cent, calculated 10.72 per cent; ratio 
of easily hydrolyzable to total organic phosphorus 2:3.04, caleulated 2:3. 

Preparation of Yeast Adenylic Acid—Vhis compound was required as a 
source of ribose-3-phosphate. It was isolated from veast nucleic acid 
(Eastman) by the method of Jones and Perkins (15), the product being 
finally converted to the barium salt. The purity was tested by estimation 
of the N:P ratio; found 70:30.85, calculated 70:31. 

Preparation of Ribose Phosphates—Vhe usual hydrolysis for the deter- 
mination of easily hydrolyzable phosphorus (7 minutes, 1 ~ HCl, 100°) in 
addition to removing the two labile phosphates from ATP also largely 
destroys the ribose-adenine linkage. Precipitation with barium at pH 8.2 
will remove the inorganic phosphate thus released, and addition to this 
filtrate of 4 parts of absolute ethanol will precipitate the ribose phosphates, 
as well as any undecomposed adenvlic acid, as barium salts. Hence one 
can follow the rate of hydrolysis of the adenine-ribose linkage by determin- 
ing nitrogen in the barium-soluble, aleohol-precipitable fraction after hy- 
drolysis. Such measurements revealed that a 7 minute hydrolysis decom- 
posed 88 per cent of the adenylic acid, and that 10 minutes released the 
adenine completely. This short treatment does not measurably affect the 
ribose to phosphate linkage. 

Therefore, to prepare pure ribose phosphate, the pure AVP (or adenylic 
acid) was hydrolyzed in | N HC] for 10 minutes at 100°. Barium acetate 
was added, and the pH adjusted to 8.2. The samples were left in the 
refrigerator 4 hour, after which the precipitate was centrifuged out and 
removed. The supernatant fluid was treated with 4 volumes of absolute 
alcohol and held in the refrigerator | hour to obtain complete precipitation. 
Each of the precipitates (Ba phosphoriboses) was air-dried and checked for 
presence of adenylic acid by nitrogen analysis. No nitrogen could be de- 
tected in any of the preparations. ‘The dried barium phosphoriboses were 
decomposed in 0.25 N H2SOx,, the barium sulfate removed by centrifugation, 
and analysis carried out on the supernatants for total and inorganic 
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phosphorus. Inorganic phosphorus varied from | to 3 per cent of the total 
phosphorus present. Aliquots were taken and adjusted in each case to 
0.0005 m with respect to organic phosphorus and to the same level in each 
ease with respect to inorganic phosphate (3 per cent of the total phosphate 
present). The latter is necessary because inorganic phosphate affects the 
hydrolysis rate. The hydrolysis curves were obtained at 100° by taking 
samples for duplicate analyses (inorganic phosphate) at intervals. The 
results are illustrated in Fig. 1, from which it is apparent that the ribose 
phosphate of the autotroph has a hydrolysis rate identical with that ob- 
tained for the ester from veast adenylie acid (ribose-3-phosphate), and 
significantly different from that obtained for the ester from muscle ATP 
(ribose-5-phosphate). 


| PERCENT HYDROLYZED 
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Kig. 1. Hydrolysis of ribose phosphates in 0.25 Nn HSO, at 100° 


If one is dealing with tissues which are relatively low in hexose diphos- 
phate, it is possible greatly to simplify the procedure for obtaining the 
ribose phosphates. Since bacteria, in general, tend to be low in hexose 
diphosphate, the following procedure was employed in obtaining adenosine 
triphosphates and ribose phosphates from representative species of bacteria. 
The cell extracts were treated with barium at pH 8.2, which precipitates 
the inorganic phosphates, hexose diphosphate, phosphoglycerie acids, and 
ATP. The ATP was destroved in a 10 minute hydrolysis, vielding ribose 
phosphate, which was then freed of the other compounds by use of solu- 
bility of the barium salts. However, a part of the hexose diphosphate is 
converted to fruectose-6-phosphate by the treatment and will contaminate 
the ribose phosphate. If the original hexose diphosphate content is low, 
this impurity does not significantly interfere with determination of the 
hydrolysis rate. 
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The cells of each species of the bacteria studied were grown in half 
strength nutrient broth with 0.5 per cent glucose (with aeration) for 30 to 
48 hours. They were harvested with the Sharples supercentrifuge, washed 
by suspending in distilled water and recentrifuging, and suspended in a 
solution of 2 per cent glucose + 0.5 per cent potassium phosphate at pH 6.8, 
The cells were in each case permitted to ferment 30 minutes, being main- 
tained at pH 6.8 by addition of KOH. O’Kane and Umbreit (16) have 
shown that in Streptococcus faecalis this markedly increases the adenosine 


triphosphate level. In each case the cells were removed from the glucose- 


TABLE I 
Hydrolysis of Ribose Phosphates in 0.25 ~ H.SO, at 100° 
Percentage of organic 


phosphorus hydro- 
( onclusion 


Position lyzed 
phate of PO, 

Yeast adenylic acid 28.035.042.8 47.0 Pure 
ATP, Thiobacillus thio- 

oxidans 27 .534.542.446.2 3 
ATP, rabbit muscle 

“Escherichia coli 15.6 20.8 27.533.2 90.7% ribose PO, 5 

9.3% fructose-6-PO, 
* Bacillus subtilis 16.3 21.8 27.132.3 S8.6% ribose PO, 


11.4% fructose 6-PO, 
Slaphylococeus 
11.616.625.9338.9 90.2% ribose PO, 5 


aureus 
8°) fructose-6-PQ, 


ATP, Pseudomonas flu 

OTESCENS 14.6 20.3 28.033.2 100% ribose PO, 
ATP, Saccharomyces | 

cerevisiae (yeast) 15.5 21.1 29.334.2 100% 


phosphate solution, treated with | to 2 ce. of acetone, and extracted first 
with 10 per cent trichloroacetic acid, and then with 5 per cent trichloroace- 
tic acid (12 hours in the refrigerator). The extracts were neutralized to 
pif 8.2 and excess of barium acetate added. This precipitates the ATP, 
hexose diphosphate, phosphoglyceric acids, and inorganie phosphates, 
along with a part of the hexose monophosphates. The fraction was freed 
of the latter by decomposing the precipitate with a slight excess of sulfurie 
acid and reprecipitating with barium, the supernatant being discarded. 
such traction was now dissolved in HCI, hydrolyzed 10 minutes 
at 100°, then neutralized to pH 8.2, and exeess barium acetate added. The 
only compounds which should now go into the barium-soluble fraction are 
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ribose phosphate from the ATP and 28 to 30 per cent of the hexose diphos- 
phate (as fructose-6-phosphate). The barium-soluble compounds were 
precipitated, as barium salts, with aleohol; the precipitates were air-dried 
and analvzed for inorganic phosphorus, total phosphorus, pentose, and 
fructose. Fructose was determined by the method of Roe (17), and pen- 
tose by the method of Mejbaum (18). Further treatment for determina- 
tion of the hydrolysis rate of the esters was identical with that already 
described for the ribose phosphate from animal muscle ATP. Results of 
hydrolysis of these esters in 0.25 N H»SO, at 100° are presented in Table I. 
From these data it is apparent that the adenosine triphosphates of the 
species of bacteria studied were all adenosine-5-t riphosphate. 


DISCUSSION 


It appears from these data that this autotrophic cell is unique in possess- 
ing adenosine-3-triphosphate. The implication is that either the auto- 
troph has a more primitive metabolic process and is unable to convert 
adenosine-3-phosphate to adenosine-5-phosphate, or that it gains some 
advantage of energy transter by possession of the different ester. Since 
this is the first report of the occurrence of the ester, there is no ground for 
further speculation as to its distribution and function. Attention should 
be drawn to the tact that the veast nucleic acid containing this adenosine- 
3-phosphate does not come from the veast nucleus, but is derived from the 
“metachromatic granules’ of the evtoplasm (Delaporte and Roukhelman 
(19)). It should also be emphasized that the ATP found in the autotroph 
did not arise from the nucleic acids of the cytoplasm as a result of the 
chemical treatments involved in its isolation, since in that case, adenyvlic 
acid would have been the product rather than adenosine triphosphate. 


SUMMARY 


Evidence is presented that the adenosine triphosphate present in the 
autotrophic bacterium, thiooxidans, is adenosine-3-triphos- 
phate; that obtained from muscle, veast, and a number of representative 
species of bacteria is adenosine-5-triphosphate. 
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A STUDY OF THE BLOOD CONSTITUENTS OF CARP AND 
TROUT* 


By JOHN B. FIELD, C. A. ELVEHJEM, ann CHANCEY JUDAY 


(From the Departments of Biochemistry and Zoology, University of Wisconsin, Madison) 
(Received for publication, January 28, 1943) 


Although the comparative biochemistry of lower vertebrates and in- 
vertebrates has been investigated frequently (1-3), information on the 
larger Water animals is relatively meager. In connection with a study of 
a specific blood pathology in fish,' we found it necessary to establish the 
normal values for a number of important blood constituents as a basis for 
comparison. By widening the scope of analyses a comprehensive survey 
of the blood picture in two fresh water species, carp and trout, has been 
obtained. Several reports by other workers have dealt with individual 
substances in fish blood (4-9); however, most of the data included herein 
are being reported for the first time. 


EXPERIMENTAL 


Adult carp, Cyprinus carpio, spawned in 1936, and adult brook trout, 
Salvelinus fontinalis, spawned in 1937, were freshly seined from nearby lakes 
or were obtained from state hatchery stocks. The carp averaged 1350 gm. 
in weight, and the trout 250 gm. They were maintained throughout the 
experimental period in steel tanks of 6 or 8 eu. ft. capacity, supplied by 
water from Lake Mendota, Wisconsin. For the most part, the analyses 
were completed during the winter months, November, 1941, to March, 
1942, when the temperature of the water approximated 5°. Sufficient 
oxygenation of the water was assured by passing compressed air into each 
tank by means of three porous clay bulbs. 

The carp refused food for a short time after they had been received, 
although thev later accepted vellow corn. Several of the trout were regu- 
larly fed canned cooked carp, while the remainder abstained from eating. 

Anesthesia was applied by means of an electrie shock technique. The 
fish were placed in a narrow, water-filled, wooden trough, 8 inches wide and 
32 inches long, to each end of which an electrode of 5 inch mesh wire screen 
was attached. By means of a step-down transformer a potential of 30 


* Published with the approval of the Director of the Wisconsin Agricultural Ex 
periment Station. This work was supported in part by a grant from the Wisconsin 
Alumni Research Foundation. 

Field, J. B., Gee, L., Elvehjem, C. A., and Juday, C., unpublished experiments. 

* This project was made possible by the cooperation of the Biology Division of the 
Wisconsin Conservation Department and its Chief, Dr. Edward Schneberger. 
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volts was applied across the water for 2 minutes to incapacitate the carp, 
The trout were harmlessly anesthetized by similar exposure to a potential 
of 80 volts for 2 to 4 seconds. 

Blood samples were withdrawn by heart puncture into a syringe con- 
taining either 0.1 M sodium oxalate or Wintrobe’s solution. Individual 
animals were bled as often as eight times with an over-all fatality of about 
5 per cent. More than 100 animals were used for routine blood sampling. 

Fish blood was found to be somewhat labile and highly coagulable. 
Hemolvsis occurred readily in carp blood if the sample was permitted to 
stand for only a few minutes before centrifuging. The sample clotted at 
once unless thoroughly mixed with oxalate or citrate solution as the blood 
was being withdrawn. Blood from the trout was more resistant both to 
hemolysis and to immediate coagulation. However, by resting recently 
transported carp for at least 2 weeks, these difficulties were generally mini- 
mized. Carp plasma appeared characteristically vellow, while that of the 
trout was colorless. 

Analvses of the blood of carp and trout included the determinations of 
cell numbers and cellular volumes, pH, the blood proteins, albumin, globu- 
lin, and fibrinogen, non-protein nitrogenous constituents, glucose, and 
vitamins. In addition, analvses of total lipids, total and tree cholesterol, 
and inorganic elements were carried out on carp blood. 


Methods 


The above constituents were determined on whole blood, serum, oxalated 
plasma, or the Folin-Wu protein-free blood filtrate (10). Most analyses 
were based on accepted methods, with slight modification being required 
for several. All colorimetric methods were adapted for use with the 
evelyn photoelectric colorimeter. 
containing known amounts of the substance being determined and most 
The applieability of the proceedures to 


assav included several standards 


analyses were made in duplhieate. 
fish blood was established by recovery experiments and by the use of 
alternate chemical procedures. 

Non-protein nitrogen was determined by digesting 0.2 to O.S ml. of the 
protein-free filtrate (1:10) with 50 per cent sulfuric acid for 3 minutes, 
completing the oxidation with potassium persulfate, and nesslerizing by 
Urea was determined by an aeration proce- 


the method of Johnson (11). 
Amino acids were analvzed by a 


dure (10) and nesslerization as above. 
rapid colorimetric method with 8-naphthoquinonesulfonie acid (12). 
Analysis of urie acid (13) was carried out both on the laked blood filtrate 
(Table 1) and on serum. Aeration into acid with subsequent nesslerization 
was used to determine the ammonia (14) content of whole blood samples. 


Fish blood, unlike rat blood, formed a viscous or gelatinous mass on treat- 
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ment with alkali, which limited the aeration to about 4 minutes. Thus, 
results obtained may be regarded as minimum values. 

Total plasma proteins were determined colorimetrically (15); the usual 
factors for total plasma protein, albumin, and globulin were used in conver- 
sion. Fibrinogen was precipitated by treating saline-diluted plasma with 
calcium chloride and measured by a standard colorimetric procedure (16). 
Slightly lower values were obtained in measuring the fibrin clot by a 
gravimetric method (17). Hemoglobin (18), creatinine (10), creatine 
(10), glucose (19), total lipids (20), and total and free cholesterol (21) were 
assaved by standard methods. 

Vitamin A and carotene (22) and vitamin C (23) were determined on the 
plasma. The ‘“carotene’’ extracted with petroleum ether (Skellysolve B, 
b.p. 66-68°) was not entirely the vellow color associated with purified 
samples or obtained from bovine blood, but of a pink hue which was un- 
related to hemolysis. An unknown interfering pigment is suggested. 
Nicotinie acid, riboflavin, and pantothenie acid in whole blood were assayed 
by microbiological methods (24-26). When the blood was extracted with 
ethyl ether, which apparently removes the effeet of certain interfering 
bacterial growth stimulants (27), the riboflavin values were reduced 10 to 
20 per cent, while the values obtained on unextracted blood for pantothenic 
acid were reduced 20 to 30 per cent by the extraction. Thus the data on 
these two vitamins as given in Table ITT are probably somewhat too high. 

A survey of the following inorganic elements was undertaken in carp 
hlood, chlorides (28), caletum (29), magnesium (30), inorgamie (31) and 
total phosphorus (32), sodium (33), potassium (34), tron,* manganese (35), 
and inorganic sulfur (36). Sinee the quantity of blood obtainable from the 
trout was limited, it was impossible to carrv out the majority of the above 
analyses for inorganic clements on these samples. However, the values 
obtained for several of these substanees in trout blood were essentially the 
same as those reported for the blood ot “ary. 


Results and Comments 


The data presented in Table | indicate that although carp and trout are 
both fresh water teleosts, significant differences in the quantitative distribu- 
tion of certain blood constituents were found. The pH of carp blood was 
unusually high (pH 7.67), while that for trout blood was approximately the 
same as for rat blood (pH 7.40) and human blood (37). The blood glucose 
of the carp was extremely variable (Table [) in comparison with the more 
limited range found in trout. Not infrequently the glucose content of the 
carp blood exceeded 200 mg. per cent, confirming a previous observation 
(8). The narrow limits of the blood sugar in trout are similar to the usual 


*MehKibbin, J. M., and Elvehjem, C. unpublished data 
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concentrations observed in humans ((37) p. 318). Great differences be- 
tween the two fish were found in the protein components. Although the 
total plasma protein was only slightly higher in the carp than in the trout, 
the albumin-globulin ratio was 3.6:1 in the carp compared to 2.2:1 jn 
trout blood. The fibrinogen content of the fish plasma (Table 1) ranged 
hetween 0.20 and 0.26 gm. per cent. The relatively low fibrinogen content 


TABLE I 
Major Constituents of Blood of Two Fresh Water Teleosts 


These values represent analyses performed on five to nineteen samples 


Carp Trout 
Average Range Average Range 
pH 7.67 7.65 7.69 7.33 1.23 1.37 
Red blood cells, thousands per 
c.mm. | 841.5 652.0 -1133.0 1013.9 740.0 -1552.0 
Mean corpuscular Hb, yy 72 63 78 75 61 - §2 
cell volume, cup 311 278 340 314 284 S45 
White blood cells, thousands per 
comm. | 8.640 3.245 4. 200) 3.910 2.105 5.376 

Hematocrit, % 31.3 21.0 10.0 | 35.8 
Hemoglobin, gm. % 10.5 12.4 8.5 6.2 11.5 
Total plasma protein, gm. %. 4.15 3.25 1.75 3.46 2.94 4.12 

Albumin, gm. % 2.82 2.04 3.35 2.10 1.74 2.56 

Globulin, & 0.749 0.68 89 0.93 8] 1.02 

Fibrinogen, gm. % 0.23 29 24 
Non-protein nitrogen, mg. % 32.0 26.5 36.6 41.6 25.4 35.4 
Urea, mg. % 7.6 1.7 10.3 5.5 3.5 7.5 
Urie acid,* mg. % 2.6 2.2 3.0 SO can 9.3 
Creatinine, “ & 0.56 0.42 0.72 0.85 
(Creatine, mg. % 2.58 2.44 2.99 1.32 1.97 
Glucose, & 111.2 57.3 230.0 70.2 51.4 111.0 
Total lipids, % 1.233 1.048 1.400 

cholesterol, % 0.662 0.459 705 
Free 0.314 O.244- 0.364 


* The average une acid content of carp sera was 2.57 mg. per cent (2.28 to 2.72 


mg. per cent), 


of fish plasma and its deficient prothrombin activity (38) make an explana- 
tion of the characteristic rapid clotting power of blood from aquatie species 


highly enigmatical. 

The nucleated red blood cell ot the carp and trout is exceedingly large. 
[ts mean cell volume is approximately 310 cu.g in comparison with 120 cu.g 
for the nucleated red blood cell of chicks (39) and 85 cu.u for the nucleated 
red blood cell of humans (37). Likewise, the mean corpuscular hemoglobin 
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of a fish cell, approximately 73 yy, far exceeds the 28 yy reported as char- 
acteristic of the chick (39), and 29 yy established for human cells (37). 
The noteworthy values which appear to differentiate the nitrogen metab- 
olism of the teleosts from other orders are several; for purposes of com- 
parison the nitrogen distribution in protein-free rat blood is also included 
in Table II. The fish blood contained approximately the same amount of 
non-protein nitrogen as mammalian blood (Table II), but the distribution 
of the various constituents was found to vary with species. In the fish the 
amino acid nitrogen fraction accounted for 58 per cent of the total non- 
protein nitrogen as compared to 39 per cent in the rat. Fish blood con- 
tained approximately 18 mg. per cent of amino acid nitrogen, as compared 


Il 
Determination of Non-Protein Nitrogen in Laked Blood Filtrate 


These values represent analyses performed on five to twenty samples. 


Rat* Carp Trout 

me. | me. Me. 

per | me per cent per mz. per cent per me. per cent 

cent cent cent 
Non-proteirn N (34.5 -40.2 (32.0 26.5 36.6 (31.6 {25.4 35.4 
Amino 14. 7212.62-16.19 17.84 15.20 -20.61 19.20 17.95 ~-20.95 
rea N 12.2: 7.7 -16.8 | 3.54 | 2.19 2.57 1.64 1.02 
Creatine N SO O.76- O85 O83 0.96 0.42 O.28 — 0.65 
Creatinine N 0.25 0.17- 0.31) 0.2) 0.16 0.32 0.27 0.19 - 0.32 
Uric acid“ 2.47 2.12- 2.96 0.87 0.73 1.00) 2.86 2.56 3.10 
Ammonia Nt 0249 O21 O39 0.023) 0.106 0.104 0.059- 0.300 
Undetermined N th. 27 S 64 6.18 


* Stock albino rats receiving « diet consisting of casein 18, yeast S, Wesson salts 
4 (40), cod liver oil 2, and dextrin 68 
t Determined on whole blood. 


to 14 mg. per cent in the rat (Table Il), and 5 to 8 mg. per cent in humans 
(37). Conversely, the amount of urea nitrogen, the end-product of pro- 
tein metabolism in these animals, was much less in fish blood compared 
to that of the rat, 2.5 to 3.5 mg. per cent versus 12 mg. per cent, while 
in the human it is even higher (37). Since homeostatic mechanisms 
(readily demonstrable in Mammalia) maintain a surprisingly constant equi- 
librium of the non-protein nitrogen fraction and most of its constituents, 
marked differences between species may express the comparative efficiency 
of their nitrogen metabolism. The non-protein nitrogen level in the blood 
is chiefly determined by the balance between the rate of protein catabo- 
lism, amino acid anabolism, and the exeretion of nitrogen by the kidneys. 
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Baldwin (1) states that invertebrates excrete amino acids to a very great 
extent and suggests that “the metabolic machinery of the invertebrates 
may be deficient in some way.” ‘Teleosts do not excrete amino acids (1), 
although it now appears that the amino acid concentration in the blood 
is high. The concentration of urea in the blood is inversely related to 
that of the amino acids (Table I1) 11, 37), suggesting that the metabolie 
efficiency in nitrogen conversion increases with the complexity of the spe- 
cies. Ammonia is reported to be the major excretory product of the 
aquatic animal (1). The low amounts both of ammonia and urea in fish 
blood indicate not only that the formation of urea is relatively unimpor- 
tant in the fish but also the ease with which these species can release the 
normally toxic ammonia into the urine. Variations in the other nitroge- 
nous constituents were relatively minor except that the carp differed from 
the trout in having a significantly lower concentration of uric acid nitrogen 
(Table 11), O.S7 mg. per cent in the carp, 2.86 mg. per cent in the trout. 
Trout blood resembled rat blood in this respect (Table IL), while the lower 
level in carp is very similar to values reported for humans (37). Although 
this may only be a reflection of the purine intake of these animals, a urine 
analvsis would clarify these results. Moderate alterations in the nitro- 
gen constituents of carp blood were apparently induced by the increasing 
temperature of the water as the summer advanced. 

The vitamin content of the fish blood ts given in Table IIT. The ratio 
of the carotenoid fraction to vitamin A in the carp blood was tound to be 
approximately 25:1 as compared to 2.5: 1 in trout blood. “The vellow corn 
dietary ot the Carp doubtless aecounted tor the highly pigmented sera ol 
that animal, while the meat régime of the trout would presumably supply 
that species with more vitamin A than carotenoids. The amount of free 
Vitamin © (reducing the indophenol dve) in trout blood was tound to de- 
cline progressively during prolonged periods of tasting until at length no 
Vitamin © could be detected in some samples. Since tasted carp did not 
evidence such a change but remained tairly constant throughout, it might 
appear that the carp does not require exogenous vitamin ©, while the 
trout is dependent on a dietary intake of the vitamin. 

Thiamine, when analvzed by a thiochrome procedure (41), was absent 
from ten individual samples of LO mil. of carp blood, and also from two 
carefully dried 60 ml. pooled samples. Furthermore, it was found that on 
incubation of carp blood with the svnthetie vitamin mm eztro, 5 mi. imae- 
tivated | to 2 y. The destruction of thiamine by certain tissues of the 
earp has been previously reported trom this laboratory (42). 

Carp blood contained approximately twice the amount of total lipids 
(Table I) present in human blood (37). | In the fish, cholesterol accounted 
for more than half of the lipids (Table 1), while this fraction is only 25 per 


+ These data, as yet incomplete, will be reported elsewhere 
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in the carp blood exists in the free state (Table I). 


III 


Distribution of Vitamins in Blood of Carp and Trout 


These samples represent analyses performed on five to fifteen samples. 


of the vitamin assavs: G. Kitzes, N 


and J. M. MelIntire. 


Vitamin A (plasma 
(‘arotene 

Vitamin ¢ 

Nicotinic acid (whole blood 
Riboflavin® (whole blood) 


Pantothenic acid* (whole blood 


* Untreated samples analyzed by microbiologieal methods. 
were extracted with ethyl ether (27 


2.10), extracted O.S3 y per ml. (0.53 to 1.35); unextracted trout blood, 1.97 + per ml. 
1.32 to 2.50), extracted 165 y per ml. (1.25 to 1.90 


Average 


y per 


100 mil 
S.6 
217 
470) 
5ST 
110 
11S 


Carp 
Ranye 


y per 100 mi. 


3.2- 15.8 
125 -302 
670 
545 
SD 132 
210 


they vielded lower values. 


similarly reduced 10 to 20 per cent by extraction. 


‘Tapie IV 


[norganic C'onstlituc nis of Curp Blood 


Trout 
Average Range 
7.5 32.9 
44 25 - 63 
230 0 —SOO 
200) 224 -360 
D4 47 - 61 
1605 121 -250 


When the samples 
A typical example 
of the assay for pantothente acid is: unextraeted carp blood, 1.14 y per ml. (0.77 to 


These values represent analyses performed on five to ten sumples., 


(Chlorides, as Na€l (whole blood 
Caleium (serum) 
Magnesium (serum) 
Sodium (serum 
Potassium (serum 

(whole blood 
Inorganic phosphorus (serum 
Total phosphorus (serum 
Inorganic sulfur 
(serum 
Manganese (whole blood 


Average 
me. per cent 
40) 

11.50 

3.432 

24.6 

5 
(44 


Range 

me. per cen 

347 ~446 

4.45 14 

2.52 - 3. 

202 316 
7.5 26. 

154.0 -176. 

6.70 12 

016 0 

0.0058S- 0 


The percentage concentrations of the inorganic elements in the 


When, however, the ratios of the 


26 


Almost one-half of the cholesterol 


The riboflavin values were 
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blood 
of atresh water species, the carp (Table LV), are far less than those reported 
lor marine forms by Maeallum (3). 


The 
authors are indebted to the following workers for assistance in performing certain 
S. Lundquist, L. Fk. Carpenter, L. J. Teply, 
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elements, sodium, potassium, calcium, and magnesium, in the serum are 
recalculated in relation to sodium arbitrarily chosen as 100 (Na _ 100, 
K 8.20, Ca 3.83, Mg 1.11) and compared to similar ratios for the marine 
forms ((3) p. 330), there is revealed a striking parallelism between fresh 
water and salt water fish which Macallum would believe “points unmis- 
takeably to a common origin for all.’’? The quantitative levels of the inor- 
ganic elements in carp blood are similar to those established tor human 
blood (37). 

It should be apparent that a ‘normal’ fish is difficult to define. The 
animals used in these experiments had been removed trom their natural 
habitat and dietary and placed in an artificial, confining environment, and 
subjected either to a limited diet or self-imposed starvation. Furthermore, 
our method of anesthesia, conceivably placing a strain on the animals, 
might have induced alterations in the blood pieture.  Tlowever, the deter- 
mination of many constituents in the blood of both anesthetized and un- 
anesthetized animals vielded essentially the same results. The values 
obtained were readily reproducible under these limited or similar condi- 
tions and the ranges were generally restricted. Vhus, these data probably 
approximate values existing under more natural conditions. 

SUMMARY 

lL. Carp (Cyprinus carpio) and trout (Saleelinus fontinalis) were anes- 
thetized by an electric shock technique and blood samples were withdrawn 
by cardiac puncture. The blood was analvzed for proteim, nitrogenous 
constituents, Vitamins, and morgamic elements. 

2. Kish blood characteristically differed from: blood im that 
(a) the red blood cell count was low, while the cell volume and the corpuseu- 
lar hemoglobin were extremely high; (4) hemoglobin and the plasma pro- 
tein were low; (¢c) the non-protein nitrogen traction consisted mainly of 
amino acids, while urea and ammonia were low: (d@) total blood lipid and 
cholesterol were unusually high. 

3. Blood from these two distantly related tresh water species, although 
generally similar, exhibited several important differences. ‘These were the 
pH, the albumin-globulin ratio, the content of hemoglobin, uric acid, and 
creatine, and the distribution of carotene and vitamins A and ©. 

4. Thiamine was absent from carp blood; the blood of this animal pos- 
sessed the abilitv to destrov the synthetic vitamin 

5. A consideration of the inverse relationship of the blood concentra- 
tions of amino acids versus urea and ammonia in several species is the 
basis for a discussion of the comparative efficiency of nitrogen metabolism. 
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HYDROLYSIS OF STARCH AND GLYCOGEN BY BLOOD 
AMYLASE* 


By DANIEL LUZON MORRIS 


(From the Putney School, Putney, Vermont) 
(Received for publication, February 11, 1943) 


In all cases previously reported, amylases have been shown to hydrolyze 
starch, dextrin, and glycogen at widely different rates (1-3), which are so 
characteristic that thev have been used for the identification of the poly- 
saccharides (3). Blood amylase, in sharp contrast to all the others, breaks 
down these polysaccharides at rates that are closely similar. 


EXPERIMENTAL 


The diastatie activity of blood and plasma has been determined by 
Somogvi’s method (4). This depends on the amount of reducing sugars 
formed by a given amount of blood from an excess of starch under given 
conditions. With eaeh blood sample the washed rice stareh recommended 
by Somogyi has been compared with other polysaccharide preparations. 
The data in Table | represent mg. of sugar formed per 100 ce. of blood in a 
number of typical cases. 

The corn glycogen and dextrin were prepared as previously deseribed 
(3). The soluble starch was prepared by Lintner’s method from potato 
starch. Liver glycogen was prepared by Somogyvi's method (5) from rabbit 
liver, with a final precipitation from acetic acid (6). In each case reducing 
sugars were determined in the original polvsaccharide solution, as well as 
in the blood, so that the values shown represent sugar actually formed by 
the amylases. 

In the ealeulation of results it was noticed that it is not necessary to use 
Somogvi's table of sugar values for the “high alkalinity” copper reagent ; 
the curve for these values is sufficiently flat so that the formula, S| = 
380.901° + 0.26), gives results which agree within about | per cent through- 
out the curve. S is the number. of mg. of sugar, calculated as glucose; 
isthe number of ce. of 0.005 ~\ thiosulfate solution used; that is, the differ- 
ence between the titrations of the blank and the determination. A further 
simplification is possible if the determination of blood sugar is done sim- 
ultaneously under the conditions recommended by Somogyi. In this case 
the diastatie value is 30.9(P —B) where P and B are respectively the titra- 
tion values for polysaccharide and blood alone, in cc. of 0.005 N thiosulfate; 


* This paper was presented at the meeting of the American Chemical Society at 
Buffalo, September, 1942. 
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the blank is not required. The calculations can be made quickly on a 
slide rule. 

A sample caleulation is the following. Plasma diluted with | volume of 
saline was used. The blank determination was 19.52 ec.; the titration of 
plasma alone was 17.67 cec., while that of plasma with glycogen was 11.39 
ec. Thus the diastase value is 30.9(17.67 — 11.39) or 194 mg. per cent. 
The plasma sugar is 30.9(19.52 — 17.67 + 0.26) or 65 mg. per cent. 
Since the plasma had been diluted, the final values are twice those given, 


TABLE | 
Diastatic Activity of Blood and Plasma 


The data represent mg. of sugar formed per 100 cc. of blood. 


With rabbit blood 
| Rice starch 254 3 Rice starch 306 
Corn glycogen 255 Corn glycogen 332 
2 Rice starch 3 Liver 336 
Corn glycogen 338 Corn 350 
With rabbit plasma 
| Rice starch 346 | Rice stareh 393 
Corn glycogen 376 Soluble starch 393 
2 Rice starch 380 (‘orn glycogen 105 
Corn-starch 378 


Corn glycogen 388 


With human blood 


Rice starch 34 
Corn glycogen 4] P 
Liver 39 

Dextrin 36 


or 388 and 130 mg. per cent respectively. The use of Somogyi’s table 
gives 390 and 131 mg. per cent. 


DISCUSSION 


It will be noted that the differences in the hydrolysis rates are at the edge 
of the range of experimental error, but that in every case in which there ts 
an appreciable difference, the starch is hydrolyzed more slowly than is the 
glycogen. The differences might be caused by the effect noted by both 
Somogyi (4) and Hanes (7), that iodine is held rather persistently by 
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excess starch during titration with thiosulfate; this sometimes results in 
shot end-points. It may well be that an excess of thiosulfate is required to 
remove the last traces of iodine from the starch. We have found that this 
is definitely true in some starch-iodine mixtures, but it never seems to hap- 
pen with glvcogen. If the differences are significant, however, they repre- 
sent a situation sharply contrasting with that of all the other amylases 
that have been reported, malt, salivary, pancreatic, and liver, with all of 
which the starch is broken down much more rapidly. 

Glock noticed (2) that human liver amylase gave results entirely com- 
parable to those with other amylases, but that animal liver amylases showed 
much smaller differences in rates. She pointed out, though in a different 
connection, that it was diffieult to obtain liver preparations free of blood 
enzymes. It is possible therefore that her results were affected by blood 
amylase, and that animal liver amylase would behave like the others if it 
were pure. 

It should be noted that Papavanopulos (8) mentions without details the 
fact that it makes no difference whether glycogen or starch is used as sub- 
strate in blood diastase determination. 


SUMMARY 


Blood diastase has been shown to differ from all the other amylases so 
far studied in that it hydrolyzes glycogen and starch at nearly the same rate. 

Simplified methods are presented tor the calculation of results in Somo- 
gvi’s method for the determination of blood diastase. 
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COMPARISON OF THE LIPOTROPIC EFFECTS OF CHOLINE, 
INOSITOL, AND LIPOCAIC IN RATS 


By GERTRUDE GAVIN,* JEAN M. PATTERSON, anno FE. W. McCHENRY 


(From the School of Hygiene, University of Toronto, Toronto, Canada) 
(Received for publication, January 29, 1943) 


Ina preliminary communication (1) we reported that inositol would pre- 
vent the development of that type of fatty liver, characterized by a high 
content of cholesterol, which is produced in rats by the administration of 
biotin. The lpotropie action of inositol has been studied with other tvpes 
of fatty livers and has been compared with the effects of two other lipotropic 
agents, choline and lipoeaic. 


Methods 


Rats have been emploved as test animals. ‘The strain, age, and care have 
been previously deseribed (2). To diminish the stores of B vitamins and of 
fat, the animals were fed Diet | for 3 weeks. During the 4th week the 
diet was varied as indicated for each series, the composition of the diets 
heing given in Table I. Vitamin supplements were administered during 
the 4th week in the quantities previously used (4); the amounts of choline, 
lipocaic, and inositol used in each series are given in Tables Il and IIT. 
Kstimations of total crude fatty acids and of cholesterol were made by 
methods previously reported (2, 4). Results of these determinations are 
given as averages for groups of ten animals. 


EXPERIMENTAL 


Serves A ‘This series was planned td compare the effects of choline, 
lipocaic, and imositol upon fatty livers caused by biotin. Diet 1 was fed 
throughout the experiment. During the supplemental period all animals 
received thiamine, riboflavin, pyridoxine, nicotinic acid, and calcium panto- 
thenate; choline, biotin, inositol, and lipocaic were administered as in- 
dicated in Table TL, 

Serves B Since the results of Series A had indicated that inositol was 
concerned with cholesterol metabolism, it seemed advisable to test its 
effect upon rats fed cholesterol in a fat-free diet. Diet 1 was given during 
the depletion period and Diet 2 during the 4th week with thiamine, ribo- 
Havin, pyridoxine, micotinie acid, and calcium pantothenate supplied to all 
animals. In those groups which received choline, an increased amount 
(30 mg. per rat per day) was administered, since Best and Ridout (5) had 


* Deceased, November 9, 1942. 
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AGENTS 


shown that large doses of choline would partially prevent the production of 


fatty livers in rats fed cholesterol. 


TABLE I 


Composition of Diets 


Constituent 


Casein, Labeo, vitamin-free 

Agar. 

Salt mixture (Steenbock-Nelson Salts 40 (3)) 
Sucrose........ 

Cholesterol... | 

(‘orn oil (Mazola). 


Diet 1 


10 


(‘od liver oil concentrate (Averst, MehKenna, and 


Harrison ) 


TABLE Il 


O.O15 


Diet 2 


10) 


O15 


Diet 3 


0.015 


Averages for Groups of Ten Rats Obtained during 4th Week of Experiment 


| Basal 
Series diet Special supplements 
| No. 


Crude fatty 


acids 


Liver 


per cent per cenit 


A I None 15.3 
10 mg. choline 6.7 

5 y biotin, 10 mg. choline 15.6 

** 2 mg. inositol 6.3 

B 2 None 24.6 
30 mg. choline 9.1 

300 lipoeatc. 

10 inositol 13.3 

choline, 300 mg. lipocaic 7.3 

20 10 inositol 3.9 

+ 3 None 26.0 
30 mg. choline 11.7 

300 lipoeaic 26.0 

10 jnositol 

30 choline, 300 mg. lipocatic 

id * inositol 

1) 25 y thiamine 10.2 
10 mg. choline 3.1 

10 ** inositol 9.2 

25 * 10 choline, 10 mg. inositol 2.9 


Body 


( ‘holesterol 


Liver Body 


Mme 
19 95 

12 102 

| & 

4 121 
13) «102 

69 243 
279 


36 254 


30 ©6225 
IS) 264 


12. 
93 316 
276 


71) 
72.) 
«142 
S 132 
164 
7. «13 


Series C--In this ease a high-fat diet (No. 3) was used during the sup- 
plemental period, so that a comparison could be made with Series B, in 


= 
| 
| | | 
s4 | 
40) | 
| | 
; 5.7 
fy ‘4 
| 
7 
14.0 
4 > 
10.6 
} ‘3 
14.1 


of 


Diet 3 


O15 


terol 


Body 


GAVIN, PATTERSON, AND MCHENRY 277 


which a diet practically devoid of fat was employed. Otherwise, the treat- 
ment of the animals was the same as in Series B. 

Series D- It has been reported previously from this laboratory that 
choline will prevent fatty livers caused by thiamine (6). This series deals 
with the effect of inositol upon this type of fatty liver. Diet 1 was used 
throughout the experiment; thiamine was the only B vitamin supplement. 

Sertes As Series D had indicated that inositol had no appreciable 
effect upon thiamine fatty livers, its action when administered with several 
other B vitamins was investigated. Diet 1 was employed during all 4 
weeks; the supplements used and the results obtained are given in Table ITI. 


[Il 
iffect of Inositol in Prevention of Fatty Livers with Various B Vitamins 


Series I} on basal Diet 1. 


Special! supplements 


Thiamine + + +. 4. + + 
Pyridoxine 7 + + + + 
Nicotinie acid + + + + 
Pantothenic acid + + 
Inositol, LO mg. + 

Choline, 10 


Crude fatty acids 


Liver, % 2.9 20.4 12.2 22.9 18.5 15.7 9.4 25.9 16.5)! 8.4 
Body, % 2.0; 8.9! 6.4] 4.0) 6.8! 7.8168 


DISCUSSION 


While choline has little effeet in preventing biotin fatty livers, as has 
been reported previously (4), both lipoeaie and inositol have definite ef- 
fects in preventing increases in both fatty acids and total cholesterol in the 
liver. It should be noted that the dosage of inositol used in Series A was 
small; in similar experiments amounts of 5 to 10 mg. were found to be as 
effective as 200 mg. of the lipocaic preparation. 

When tatty livers are produced by feeding a fat-free diet containing 
cholesterol, choline, lipocaic, and inositol all have lipotropie action, not 
only with regard to fatty acids but also with regard to cholesterol. Under 
these conditions lipocaic or inositol is more effective when fed with choline 
than when supplied alone; this is particularly true in the case of inositol. 

In Series A and B an increase in fat was obtained by synthesis. In 
Series C a comparison was made with animals receiving a high fat diet, and 
latty livers were produced by feeding cholesterol. While choline and ino- 
sitol showed lipotropie action, lipocaic appeared to be entirely ineffective. 
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This observation was confirmed in three other experiments. ‘The lipocaie, 
which was kindly supplied by Dr. Lester Dragstedt, was a sample of mate- 
rial that had been effective in depancreatized dogs; its potency for rats was 
proved by the prevention of biotin fatty livers. 

While mositol is without obvious effect on thiamine fatty livers, the ad- 
dition of other B vitamins as supplements enabled inositol to exert ap- 
preciable lipotropic action. The dosages of choline and inositol were the 
same in both Series D and KE. It is noteworthy that neither supplement 
maintamed liver fat at a normal level in Series Ek. Apparently the addition 
of other B vitamins diminishes the effeet of choline but makes possible a 
response with imeositol, 

It has been pointed out previously from these laboratories (7) that there 
are several different types of tatty livers. We have little information as to 
how these livers differ in composition, but they can be distinguished in 
two ways: causative agents, and response to lipotropic factors. In de- 
scribing the action of a lipotropic substance it is essential, im the light of 
present knowledge, to give the method of production of the particular fatty 
liver used. Reports of inactivity of lipocaic in rats were due to failure to 
use a suitable type of fatty liver. even choline has no appreciable effect 
in preventing biotin fatty livers. 

A previous, preliminary report by two of us (1) stated that either inositol 
or lipocaic could be used tor the prevention of biotin fatty livers. The 
impression could have been secured easily trom this report that lpocaic 
owed its activity to mositol; at that time this possibility seemed very likely 
tous. The data now reported show that lipocaic is ineffective with one 
type of fatty liver in rats, while inositol is active. This observation pro- 
vides a means of distinguishing between inositol and lipocaic as lipotropie 
agents and it appears that lipocaic may contain a tactor other than choline 
(or choline precursors) or inositol. However, all lipocaic preparations 
examined in these laboratories contained appreciable amounts of imositol. 
It may be that the inositol is present in a compound from which it ts set 
free only under certain conditions. Available evidence is not sufficient to 
permit a decision as to whether lipocaic owes its activity to inositol or to an 
unknown constituent. 


SUMMARY 


A comparison of the lipotropic effects of choline, lipoeaic, and inositol 
has been made with various types of fatty livers caused by diet in rats. 
Choline is effective for thiamine fatty livers, and partially effective with 
cholesterol fatty livers, but shows little activity with biotin fatty livers. 
Against this last tvpe both inositol and lipocaic are active.  Lipocaic ap- 
parently differs from inositol in being ineffective against fatty livers caused 
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by feeding cholesterol with a high tat diet. Inositol shows no activity with 
thiamine fatty livers; the addition of other B vitamins permits inositol to 
be lipotropic. 


This investigation has been assisted by a grant from the Division of 
Natural Sciences of the Rocketeller Foundation. 
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A MICROBIOLOGICAL ASSAY METHOD FOR p-AMINOBENZOIC 
ACID 


By ROY ©. THOMPSON, EDITH R. ISBELL, ano HERSCHEL K. MITCHELL 


(From the Biochemical Institute and the Clayton Foundation for Research, 
The University of Texas, Austin) 


(Received for publication, February 22, 1943) 


Since the establishment of p-aminobenzoic acid as a member of the B 
vitamin group, a considerable interest has been shown in methods of deter- 
mination in natural materials. Since known chemical methods are not 
sufficiently sensitive, it became evident that microbiological tests should 
he the most practicable. The organism Clostridium acetobutylicum has 
heen used (1) but no general assay procedure has been presented. Several 
bacterial strains which respond to p-aminobenzoic acid have been investi- 
gated in this laboratory, but satisfactory assay procedures with these organ- 
isms have not vet been devised. 

For the discovery of the test organism used in the procedure deseribed 
in this paper, we are indebted to Dr. Beadle and Dr. Tatum who kindly 
furnished us with a culture of their p-aminobenzoic acid requiring a mutant 
strain of Neurospora crassa, designated by them as Neurospora crassa p- 
aminobenzoicless No. 1633 (2). This mold will grow optimally on a med- 
jum consisting of inorganic salts, ammonium tartrate, sucrose, biotin, and 
p-raminobenzoic seid. For purposes of assay, however, it has proved ad- 
vantageous to supplement this basal medium with natural extracts which 
are either naturally low in p-aminobenzoic acid or have been treated to re- 
move it. With such a complex medium, the possibility of interference by 
toxic substances or stimulatory substances other than p-aminobenzoic acid 
which might be present in samples to be assayed is reduced to a minimum. 

Since the completion of a considerable part of the experimental work 
described in this paper, microbiological assay methods for p-aminobenzoic 
acid have been published by Landy and Dicken (3) utilizing the organism 
Acetobacter: suboxydans and by Lewis (4) using Lactobacillus arabinosus 


ENPERIMENTAL 


Organism Stock cultures of the organism are carried on slants of the 
same composition as the assay medium except for the addition of 0.05 y of 
p-amimobenzoie acid per tube. In preparing the inoculum for an assay, a 
large looptul of spores is thoroughly dispersed in 1 or 2 ml. of sterile liquid 
agar medium identical in composition with the assay medium except for the 
addition of 5 millimicrograms of p-aminobenzoic acid. This agar medium 
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with suspended spores is poured into a sterile Petri plate and incubated 1¢ 
hours at 30° and placed in the refrigerator until used. In this length of 
time the spores will have germinated and the incipient mycelia, distributed 
uniformly throughout the agar, will be just visible to the unaided eye. 
Blocks of agar cut from this plate are used for inoculating the plates con- 
taining the sample to be assayed. These inoculum blocks mav best be 
removed with the aid of a sterile 8 mm. cork borer fitted with a plunger for 
extruding the block of agar. Care must be taken to secure circular blocks 
of uniform thickness, as any irregularity in the shape of the inoculum block 
will be reflected in the subsequent growth of the mold. 

Medium—The medium emploved has the following composition: basal, 
ammonium tartrate 5.0 gm., KH,PO, 1.0 gm., NH,NOs; 1.0 gm., MgSo,- 
7H.O 0.5 gm., NaCl 0.1 gm., CaCl, 0.1 gm., FeCl; 5.0 mg., sucrose 15 gm., 
biotin 4 y, agar (washed) 20 gm.; supplements, vitamin-free, acid-hydro- 
lvzed, charcoal-treated casein 1.0 gm., enzymatically digested beef liver 
extract 0.5 gm., enzymatically digested beef muscle extract 0.1 gm., char- 
coal-treated veast extract 0.1 gm.; water to make | liter. The basal me- 
dium is that emploved by Tatum and Beadle (2). The preparation of the 
supplements is described below. 

Acid-H ydrolyzed, Charcoal-Treated Casein 50 gm. of vitamin-free casein 
(Labeo) are mixed with 500 ml. of 6 ~ HCl, and the mixture refluxed for 10 
hours. The HCl is then removed by repeated vacuum distillation, the pH 
adjusted to 3.0, and the volume to 500 ml. 5 gm. of Dareo G-60 decoloriz- 
ing charcoal are added; the mixture is shaken 15 minutes, and then filtered 
to remove charcoal. The pH is adjusted to 7.0 and the solution preserved 
under toluene. | 

Enzymatically Hydrolyzed Beef Laver and Muscle- 10 gm. of finely 
ground fresh beef liver or muscle are suspended in 50 ml. of acetic acid- 
sodium acetate buffer, pH 4.5, and to this mixture is added 0.1 gm. each 
of the enzyme preparations clarase' and earoid. The mixture is allowed 
to autolyze under benzene for 24 hours, after which time the benzene is 
removed by steaming and the solids by filtration. 

Charcoal-Treated Yeast Exrtract- 10 gm. of veast extract (Difeo) are 
dissolved in 100 ml. of water and the pH adjusted to 3.0. 2 gm. of Dareo 
(;-60 decolorizing charcoal are added and the mixture shaken 15 minutes. 
The charcoal is then removed by filtration and the pH adjusted to 7.0. 

Agar--Commercial grades of agar often contain appreciable amounts of 
p-aminobenzoie acid and must therefore be thoroughly washed to remove 
these traces. This may be accomplished by dispersing the agar in a large 
volume of distilled water, allowing it to settle, and decanting the water. 


‘Takamine Laboratories, Inc., Clifton, New Jersey. 
? American Ferment Company, Buffalo, New York 
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Such a procedure repeated fifteen or twenty times over a period of from 
24 to 48 hours is satisfactory. 

The washed agar and supplements are added to the basal medium just 
prior to use. 

Procedure--Vhe standard p-aminobenzoic acid solution and solutions 
for analysis are pipetted into test-tubes and diluted when necessary to | ml. 
15 ml. of the hot agar medium are then added to each tube and the tubes 
autoclaved for 15 minutes. Directly after removal from the autoclave, the 
contents of the tubes are transferred to sterile Petri plates. For this pur- 
pose molded soft glass plates have proved most satisfactory, since the bot- 
toms are uniform, giving a layer of agar of uniform thickness. Most Pyrex 
plates are unsatisfactory, since they are deeper at the edges than in the 
center. When the agar has cooled, an inoculum block is placed upon the 
surface in the center of each plate. The plates are incubated right side up 
(to prevent mold from growing downward) at 30° for approximately 20 
hours. Standard plates containing amounts of p-aminobenzoic acid vary- 
ing from 4 to 40 millimicrograms (107° gm.) are satisfactory for establishing 
a standard curve. Amounts of the extracts to be assayed must be selected 
by preliminary experiment (or estimate) to contain an amount of p-amino- 
benzoic acid within the range of the standard curve. 

Measurement of Response to p-Aminobenzoic Acid— The diameter of the 
mold growth surrounding the inoculum block is measured with calipers and 
is dependent on the amount of p-aminobenzoic acid in the culture plate. 
This growth is quite uniformly circular if care is taken to cut perfect inoe- 
ulum blocks from a culture containing a heavy, uniform distribution of 
spores. This method of measuring the growth response has been found 
to be superior to measuring, by means of a planimeter, the area of the 
colony, and is in general more convenient than measuring the rate of growth 
along a horizontal tube as was done by Beadle and Tatum (5). A typical 
growth response curve is shown in Fig. 1. 

Preparation of Materials for Assay— Materials to be assayed must be 
extracted in such a manner as to make available to the mold all of the p- 
aminobenzoie acid present in the material. As we have indicated in a 
previous note (6), simple hot water extraction does not release all of the 
p-aminobenzoic acid from liver. The amount of p-aminobenzoie acid ob- 
tained from a sample of beef liver and from beef kidney by various extrac- 
tion procedures is shown in Table I. The partial destruction of pure p- 
aminobenzoic acid by the hydrolysis procedures is also demonstrated. In 
experiments not described it is indicated that this destruction also occurs 
in the presence of tissue samples to about the same extent as in the pure 
solution. Since hydrolysis with 6 N H.SO, produces a maximum vield of 
p-aminobenzoic acid in spite of this destruction, averaging about 15 per cent, 
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the following procedure for the preparation of samples was adopted. The 
sample*® to be hydrolyzed is finely ground and 5 ml. of 6 N sulfuric acid added 
per gm. of material. This mixture is autoclaved for 1 hour at 15 pounds 
pressure and the sulfuric acid then nearly neutralized with barium ear- 
bonate. The precipitated barium sulfate and the undigested material are 
removed by filtration and the pH adjusted to neutrality with ammonium 
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MIL LIMICROGRAMS OF P-AMINOBENZOIC ACID 
Fig. 1. A typical mold growth curve 
TABLE I 


Effect of Acid and Alkali on p-Aminobenzotc Acid 


All samples were autoclaved under 15 pounds pressure for 1 hour. 


6N SN NaOH 1N NaOH 0.1 NaOH 


Beef kidney, y per gm.. 2.4 0.75 0.60 0. 50 

p-Aminobenzoic acid (0.4 y per ml.), % re- 
covered..... a} SS S5 


hydroxide. Neutralization of the sulfuric acid with sodium hydroxide or 
ammonium hydroxide is not permissible, as excessive amounts of salt are 
toxic. 

Specificity of Assay Method— That the mold responds specifically to the 
p-aminobenzoie acid content of the samples being assayed is indicated by 
the general parallelism of response to natural materials and to pure p- 
aminobenzoie acid. Beadle and Tatum have tested a large number of 
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compounds structurally related to p-aminobenzoic acid, and in no cases 
have these compounds shown more than a fraction of a per cent of the 
activity of p-aminobenzoie acid (5). We have tested the acetyl derivative 
and the amide of p-aminobenzoie acid, and also p-nitrobenzoic acid. Of 
these compounds, only the amide possessed appreciable activity, being 
three-hundredths as active as p-aminobenzoic acid. This activity is prob- 
ably best interpreted as being due to hydrolysis effected by the mold. 
p-Aminobenzoic acid added to natural materials after acid hydrolysis is 
accounted for in the assay with an average error of +10 per cent. 
Application of Assay Method to Natural Materials— A variety of natural 
materials has been assayed and the results are shown in Table Il. The 
samples were extracted by acid hydrolysis in the manner described above, 
and also by steaming for 15 minutes, in an effort to differentiate between the 


Tassie Il 
p-Aminobe nzoie Acid Content of Natural Materials 


The results are given in micrograms per gm. of moist tissue. 


Sample hydrolysis |extrection| “bound | | extraction | “bound 
Carrots..... 0.22 0.08 0.3 63 
Potatoes 0.36 0.34 Beef liver... 2.5 0.2 G2 
Spinach 0.6 0.12 SU  musele 0.64 0.35 
Yeast cake 1.0 3.6 Rat brain... 0.7 0.14 SU 
Milk O.] 0.08 20 kidney 0.13 
Sweet potato. 0.12 O.1) heart... 1.35 0.15 So 
Egg (whole) 0.4 0.07 “blood 0.06 7s 
Molasses 0.32 3S musele 1.7 0.15 
Wheat germ 1.8 O.5 72 rine... 0.5 <0.02 
Whole wheat 0.6 0.25 5S 


“bound” and “unbound” p-aminobenzoie acid. As will be observed, the 
various tissues differ widely in the fraction of p-aminobenzoic acid which 
is Water-extractable. 
DISCUSSION 

The assay method here presented is applicable to a wide variety of 
materials with a reproducibility of results of +15 per cent. The method of 
measurement of response to p-aminobenzoic acid is probably not capable 
of the precision obtainable in the turbidimetric or titrimetric determination 
of bacterial growth, since the diameter and regularity of the mold growth 
are affected by such factors as irregularity in the shape of the inoculum 
block and irregularity in the surface of the Petri plate. The method has, 
however, some unique features which more than compensate for the sources 
of deviation in assay values mentioned above. It is more rapid than any 
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test for p-aminobenzoic acid yet published, since it requires only a 20 hour 
growth period. As the growth period is short and the medium relatively 
acidic, difficulties due to contamination are not encountered. The time 
required for setting up an assay is somewhat longer than for a bacterial 
test but the determination of the amount of growth is much more rapid. 

The use of this completely different type of organism is a distinet ad- 
vantage for the purpose of comparison of assay methods. 

An unusually high degree of specificity has been obtained in this method 
by supplementation of the medium with enzyme hydrolysates of liver and 
muscle tissues. Such extracts contain considerable quantities of known 
and undoubtedly of unknown growth-promoting substances but can be 
used directly in this test because the p-aminobenzoic acid present is bound 
in such a form that it is not utilized by the organism or released by enzy- 
matic hydrolysis. 

The question of extraction of p-aminobenzoic acid from natural mate- 
rials involves certain difficulties which have vet to be eliminated. We have 
found conditions which give a maximum vield with respect to acidic hydrol- 
ysis and to clarase and caroid hydrolvsis. There is, however, some destruc- 
tion of the released p-aminobenzpic acid during this process amounting 
to about 15 per cent of the total present. Compared to the increase in 
vield of hydrolysis with 6 N acid over other treatments, this loss in activity 
by destruction is not particularly significant. 

The last column in Table II lists the approximate per cent of the p- 
aminobenzoic acid content of various substances which is bound. It is 
perhaps significant that this percentage is high for most animal tissues, the 
lowest being beef muscle, 53 per cent, and the average on eight tissues 
being 79.9 per cent. On the other hand ten miscellaneous substances 
mostly of plant origin averaged 44 per cent bound. 

At the present it is not possible to compare the results obtained by this 
method with those of Landy and Dicken (3) and Lewis (4), since samples 
for assay have not been prepared in the same way. Such a comparison of 
all three methods on the same samples is now in progress in this laboratory. 


SUMMARY 


1. A microbiological test of high specificity for the determination of 
p-aminobenzoic acid in biological materials is described. The organism 
used is a mutant strain of the mold Neurospora crassa produced by Tatum 
and Beadle (2). The method is rapid and the results reproducible. 

2. A procedure for the hydrolysis of ‘bound’? p-aminobenzoic acid is 
described and its limitations discussed. 

3. The p-aminobenzoic acid content of a number of natural materials 
has been determined and values on the amounts bound and unbound are 


included. 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
IX. THE CONTENT OF SULFUR AMINO ACID* 
By CHOH HAO LI 


(From the Institute of Experimental Biology, University of California, Berkeley) 
(Received for publication, January 21, 1943) 


This paper gives the cystine and methionine content of the pituitary 
lactogenic hormone as determined by Baernstein’s method (1). The 
methionine content was also estimated by the method of MeCarthy and 
Sullivan (2). From these data the sulfur distribution in the hormone is 
computed. 


EXPERIMENTAL 


The IKassell and Brand modifications of Baernstein’s apparatus (3) were 
adopted with the exeeption that no mercury seal was used between the 
digestion flask and condenser. 

The colorimetric method of MeCarthy and Sullivan (2) was also applied 
for the determination of methionine. The Klett-Summerson photoelectric 
colorimeter with a No. 54 filter was used. 

Hormone preparations from both beef and sheep pituitaries were made by 
the method recently deseribed (4). A preparation from beef pituitary 
‘No. L388B) was also kindly furnished by Dr. W. R. Lyons. Each prep- 
aration behaved as a homogeneous protein in the Tiselius electrophoresis 
apparatus and had a poteney of 25 to 30 1.0. per mg. 


Results 


Table [ summarizes the data obtained by the Baernstein method. The 
correction factors of INassell and Brand were used in calculating the cystine 
and methionine content. Since no cysteine is present in the lactogenic 
hormone (5, 6), the diiodate titration in the HI digest gives the evstine 
content. White, Bonsnes, and Long (7) found that the hormone contains 
3.36 per cent evstine, while Fraenkel-Conrat (6) obtained a lower value, 
3.0 per cent. The evstine content given in Table Lis 3.11 per cent. Since 
lactogenic hormones were prepared by different methods and since the 
methods of analysis were not the same, the cystine values obtained by 
White ef al., Fraenkel-Conrat, and the present author should be considered 
satisfactory. 


* Aided by grants from the Research Board of the University of California and 
from the Rockefeller Foundation. 
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In all experiments, the sulfate sulfur content was found to be negligible. 
The methionine content as found by the volatile iodide and homocysteine 
methods is almost identical and is in fair agreement with that obtained 
by the colorimetric method (see Table I). 

If we take 4.31 and 3.11 per cent as the methionine and cystine content 
respectively, the total sulfur in the hormone is computed to be 1.76 per 
eent. It may be recalled that the sulfur content is 1.79 per cent as deter- 
mined by the Carius method (8). Thus, the total sulfur in the lactogenie 
hormone is accounted for within the limits of error. 


TABLE 


Vethionine and Cystine Content of Lactogenic Hormone 


Methionine 
Preparation No.* Amount used Cystine 
Volatile iodide Homocysteine Colorimetric 
method method method 
mM. per cenit per cent per cent | per cent 
LI2Z14HS..... 145.3 4.21 3.90 3.21 
L1214HS 151.4 4.03 3.63 | 2.82 
L1219HS. 149.8 4.05 4.32 | 3.00 
L1222HB.... 152.9 3.70 3.10 
124.2 3.89 3.90 3.08 
L1214HS. 126.0 4.00 
L1219HS 184.0 4.18 
L388B.... 90.0 4.20 
| 3.98 3.89 4.13 | 3.04 
4; correctec 4.25 4.36 3.11 


*S denotes a preparation isolated from sheep pituitaries, whereas B was from 
beef glands. 


(;rateful acknowledgement is made to Carol-n I’. White for her assistance 
in these determinations. The author also wishes to express his gratitude to 
Dr. Herbert M. Evans for the encouragement received during the in- 


vestigation. 
SUMMARY 


The methionine and cystine content of the pituitary lactogenic hormone 
has been determined by the Baernstein method and found to be 4.31 and 
3.11 per cent respectively. The methionine content has also been checked 
by the colorimetric method of MeCarthy and Sullivan. Within the 
limits of error, methionine and cystine contents account for the total sul- 
fur in the hormone. 


| 
; 
? 


Cc. H. LI 291 


BIBLIOGRAPHY 


_ Baernstein, H. D., J. Biol. Chem., 106, 451 (1934); 115, 25, 33 (1936). 
_ McCarthy, T. E., and Sullivan, M. X., J. Biol. Chem., 141, 871 (1941). 
. Kassell, B., and Brand, E., J. Biol. Chem., 125, 145 (1938). 


Li, C. H., Simpson, M. E., and Evans, H. M., J. Biol. Chem., 146, 627 (1942). 
Li, C. H., Lyons, W. R., and Evans, H. M., J. Biol. Chem., 139, 43 (1941). 


_ Fraenkel-Conrat, H., J. Biol. Chem., 142, 119 (1942). 
. White, A., Bonsnes, R. W., and Long, C. N. H., J. Biol. Chem., 148, 447 (1942). 
_ Li, C. H., Lyons, W. R., and Evans, H. M., J. Biol. Chem., 140, 43 (1941). 


iy 
re? 
e 
1 
d 2 
4. 
6 
j 
( 
/ 
| 
4 
4 
= 
j 
4 
i 


(Fr 


the 
era 
rate 
rep 
mo 
the 
to ¢ 
ing 
tha 
eve 
exp 
of € 
tho. 
Wh 
iss 
cole 
isd 
ecole 
the 
The 
of ¢ 
Koy 


A 

| 
thre 
but 
| dise 
ana 
pen 
Wit 
slits 
rent 


A QUANTITATIVE METHOD FOR THE DETERMINATION OF 
SODIUM PENTOTHAL IN BLOOD 


By L. M. HELLMAN, L. B. SHETTLES, ann HERBERT STRAN 


(From the Department of Obstetrics, the Johns Hopkins University and Hospital, 
Baltimore) 


(Received for publication, January 25, 1943) 


The known methods for the analysis of barbiturates in blood, in which 
the Koppanyi (3) colorimetric reaction is employed, have not proved gen- 
erally satisfactory for the quantitative determination of the thiobarbitu- 
rates. Delmonico (2), after slightly modifying the Koppanyi technique, 
reported excellent recoveries of known amounts of pentothal. He, further- 
more, stated that this substance appeared to have a evclic appearance in 
the blood following a single injection. Anderson and Essex (1) were unable 
to obtain accurate recoveries with Delmonico’s method; however, employ- 
ing slight modifications of the Levvy (4) extraction technique, they felt 
that thev more or less confirmed the assertion of Delmonico regarding the 
eyelic variation of concentration of barbiturate in the blood. In their 
experience Levvy’s method had a 20 per cent error, even after the 8 hours 
of extraction. In our own hands it has proved to be even less accurate for 
those blood pentothal levels commonly found in anesthetized humans. 
When the extraction difficulties are discounted, the Koppanyi technique 
is still faced with two great sources of error. In the first place, the pink 
color obtained by the reaction of malonylurea, isopropvlamine, and cobalt 
is diffeult to read and transient in nature. Even the use of a photoelectric 
colorimeter does not entirely obviate this diffieulty. In addition, in all of 
the methods mentioned above charcoal is employed to clear the extracts. 
The definite and significant adsorption of barbiturate by even small amounts 
of charcoal seems to have been ignored as a source of error. Then, too, the 
Koppanyi reaction is a general one applicable to the entire barbiturate 
series and not specific for any one compound. 

In the process of conducting a series of studies on the transmission 
through the human placenta of one barbiturate, sodium ethyl (1-methyl- 
butyl )thiobarbiturate (sodium pentothal), it therefore became necessary to 
discover a method which obviated the errors in the known methods of 
analysis. With the ultraviolet absorption technique it was found that 
pentothal acid in ether demonstrated a maximum absorption at 2880 A. 
With a quartz monochromator set for 2880 to 2900 A., with inlet and exit 
slits at 0.5 mm., it was possible to obtain numerical values for varying con- 
centrations of pentothal, these being read by means of an_ ultraviolet- 
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sensitive cell and galvanometer. ‘The values thus obtained fall into the 
logarithmic curve shown in Fig. 1. No other barbiturate’ tested gave any 
significant absorption in the concentrations employed. 

Extractions were carried out on whole blood as follows: 25 to 30 ee. of 
venous blood were decalcified with 0.4 gm. of sodium citrate. Of this, 20 
ee. were put in a 250 ee. separatory funnel and 2 cc. of a solution of erystal- 
line sodium dihydrogen phosphate (1 gm. per ce.) were added. This mix- 


Y= 75,02 — 54,80 log ( x +.35) 
1,43 
9OFr- 
80 
s 70r 
2 
<q 
SOF 
30+ 
20Fr 
2 3 .4 6 7.89 | 2 4 367890 20 
X +.35 ML. 
hic. 1. Per cent transmission of ultraviolet light by varving concentrations of 
pentothal acid in ether (logarithmic curve). The center line is the line fitted to the 
data on a log seale and is represented by the formula Y = 75.02 — 54.80 log (¥ + 
0.35). Lines parallel to and on either side of this line are plotted at a distance of 
2o fo) - NX = 1.43) from this line and encompass 95 per cent of the variations about 


the fitted line. 


ture Was thoroughly shaken and allowed to stand for at least 15 minutes. 
Four extractions were then carried out with technical ethyl ether as follows: 
100, 50, 25, and 25 ce. The mixture was allowed to settle each time and 
then decanted into another 250 ec. separatory funnel. The color of the 
extract is vellow-brown and must be cleared by washing three times with 
5 ec. of 0.5 M sodium bicarbonate, care being taken to allow for complete 


' Barbital, sodium amytal, dial, sodium phenobarbital, nembutal, and evipal. 
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separation. The ether extract is now a very pale yellow color. It is 
filtered through ordinary filter paper into 500 ec. beakers and evaporated 
slowly over a water bath to approximately 35 ce. It is then transferred to 
50 ce. volumetric flasks and made up to volume with ether. The results 
are read against a blank extract of normal blood. The blank is first read 
against ether and then adjusted to 100 per cent transmission by means of 
a vernier resistance in series with the galvanometer. The final reading 
must be multiplied by 2.5 to correct for the dilution. The entire extraction 
is quite rapid and simple, but great care must be exercised to have abso- 
lutely clean glassware. In addition, the evaporation of the ether extract 
must be carried out slowly and not allowed to proceed too far toward dry- 
ness. Furthermore, as ordinary stop-cock grease will absorb ultraviolet 


TABLE I 
Per Cent Transmission of Ultraviolet Light by Blood Extracts Read against Ether 


Same bank blood Different fresh bloods 

S82 83 

S3 $2.5 

83 S2 

84.5 

83 | 85 

83 83 

S5 

82 83.5 

83 
Mean 83.0 83.4 
Standard deviation +0.99 +1.08 


light in the range used, it is necessary to employ a mixture of glycerol and 
bentonite, insoluble in both ether and water. 

Table I shows the per cent transmission of extracts of fresh and bank 
blood read against ether. The first column shows ten determinations on 
the same bank blood, while the second column shows an equal number of 
determinations on extracts of fresh blood for different normal individuals. 
It is worth noting that there is extremely little variation in the readings of 
the blanks. 

Table IT shows recoveries of varving known concentrations of pentothal 
in bank blood. In only one set of determinations is there any larger error. 
In this one an extremely small amount of pentothal was added. 

Fig. 2 shows the sodium pentothal concentration in a patient anesthe- 
tized for a short period of time for a minor operative procedure. Owing to 
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hic. 2. Blood pentothal concentration curve (mg. per 100 ec. of blood) in the course 3. 
of anesthesia for dilatation and curettage of the uterus. As shown, a total of 0.66 


gm. of sodium pentothal was administered intravenously. 


TABLE II 
Per Cent Recove ry of Known Amounts of Sodium Pentothal Added to Bank Blood 


Transmission (blank at 100 per cent) 
Recovered Added Recovered 


Determinations Mean 
per cent per cent me. per ceni me. per cent per cent 
39.6 
10.9 30.8 103 
39.0 
53.0 
92.9 , 53 4.8 110 


54.0 


5.1 | 105 


76.0 > 76.0 1.50) 1.82 82.4 


te 


2.10 1.94 108.0 


1.94 96.3 


12.9 


is. 1.2 1. 8S HO. 4 


| 
54 0) 
0 
it} 
i] | 
74 | 
76 


HELLMAN, SHETTLES, AND STRAN 297 


the intermittent method of administering pentothal for anesthesia, the 
contention of Delmonico that the substance appears in the blood in cyclic 
variations of concentration has not been tested. 

In conclusion, a simple method of determining the blood concentration 
of sodium pentothal has been described. This method makes use of the 
fact that this particular barbiturate exhibits a maximum absorption of 
ultraviolet light at 2880 A. The method gives approximately 90 per cent 
recovery when tested against known amounts of pentothal added to bank 
blood. 
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OBSERVATIONS ON TRYPTOPHANE DEFICIENCY IN RATS 
CHEMICAL AND MORPHOLOGICAL CHANGES IN THE BLOOD* 


By ANTHONY A. ALBANESE, L. EMMETT HOLT, Jr., CHARLOTTEN. KAJDI, 
AND JANE E. FRANKSTON 


(From the Harriet Lane Home of the Johns Hopkins Hospital, and the Department of 
Pediatrics, the Johns Hopkins University, Baltimore) 


(Received for publication, January 15, 1943) 


The failure of a tryptophane-deficient diet to support growth in animals 
is a well established faet, but relatively few reports (1-5) have dealt with 
the pathological changes in this condition. In a recent study (6, 7)! some 
of us have confirmed and extended the information on this subject. The 
present report describes our observations on the morphology and chemistry 
of the blood in tryptophane-deficient rats, particular attention being paid 
to the nitrogenous constituents of the blood. 

Observations in the literature have not settled the question of the réle of 
tryptophane in the construction of plasma proteins and of hemoglobin. 
In dogs rendered hypoproteinemic by plasmapheresis, Madden et al. (8) 
obtained some evidence of the value of tryptophane; the addition of this 
amino acid to a basal diet supplemented by gelatin and cystine caused an 
increase in plasma protein regeneration. Experiments by Whipple and 
his collaborators (9) and by Weech and his associates (10) have shown that 
proteins such as zein and gelatin which are lacking in tryptophane fail to 
bring about an increase in plasma protein in hypoproteinemic animals. 
We have not found data on the state of the serum proteins in experimental 
animals with tryptophane deficiency. Observations on the non-protein 
nitrogen and serum proteins made in this laboratory on four human sub- 
jects who ingested a tryptophane-deficient diet for periods of 2 to 5 weeks 
failed to show significant changes within that time. 

A number of reports deal with the relation between tryptophane and 
the formation of red cells and hemoglobin. In various experimental 
anemias in dogs and rabbits, notably the anemia produced by pheny]l- 
hydrazine, Hirasawa (11) reported that tryptophane would accelerate 
recovery and cause a prompt reduction in the reticulocytosis seen in anemia 
caused by phenylhydrazine. These observations have been confirmed by 
Okagawa and Tatsui (12), by Hamada (13), and by Chin (14). Conflicting 


* Aided by grants from the Rockefeller Foundation, Merck and Company, Inc., 
and E. R. Squibb and Sons. 

' Albanese, A. A., Follis, R. H., Jr., Busehke, W. H., and Holt, L. E., Jr., un- 
published data. 
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data are reported in regard to the efficacy of trvptophane in the nutritiona] 
anemia produced in rats by milk feeding. Drabkin and Miller (15) ob. 
tained positive responses, which Keil and Nelson (16) and Alcock (17) 
were not able to confirm. Posthemorrhagic anemia has been studied in 
abbits and dogs (18-20). Whipple and Robscheit-Robbins who carried 
out the most careful studies along this line obtained positive responses with 
a large number of amino acids, including trvptophane, but the results with 
this amino acid were not as striking as with several others tried. 

A few observations have been made on the blood in experimental trypto- 
phane deficiency. Fontes and Thivolle (21) produced decreases in hemo- 
globin and red cells in a small number of rats. Aleock (17) placed nine rats 
on a trvptophane-deficient diet, but observed anemia in only two of them: 
since he was able to cure milk anemia mn other animals by a tryptophane- 
deficient diet, he concluded that tryptophane deficiency did not lead to 
anemia. Hamada (13) and Chin (14), however, observed anemia in rats 
On trv ptophane-deficient diet, a return to normal blood values being 
brought about by tryptophane or methyl tryptophane (14) but not by 
indolepyvruvic acid. In our human subjects on a trvptophane-deficient 
diet referred to above, observations on the blood? failed to show any signifi- 
cant alterations during the experimental period. 

It would appear then from a review of the literature that the need of 
tryptophane in plasma protein formation has some sound basis, but the 
importance of this amino acid in hemoglobin formation is by no means 
clear. There is impressive evidence (22) that the body can svnthesize 
the pyrrole nucleus and does not require pyrrole compounds in the diet, 
But although the hematin portion of the molecule may be constructed trom 
simple building stones, the production of hemoglobin as a whole is limited 
by the protein intake (23). Whether under certain conditions the limiting 
factor is trvptophane remains to be conclusively demonstrated. 


EXPERIMENTAL 


Animals—Our observations were made on forty rats from a hybrid 
colony of albino and hooded Norwegian rats that has been in use in this 
laboratory for some vears. Fourteen of these animals were controls fed 
upon the stock diet ad libitum. Sixteen animals were on a tryptophane- 
free diet; in some instances this was later supplemented with tryptophane. 
The remaining ten animals were controls which received a trvptophane- 
deficient diet plus tryptophane, their food intake being limited to the 
quantities consumed by analogous rats on the deficient diet. 

Diets-—The stock diet consisted of vellow ground corn 57.0 gm., whole 


2 We are indebted to Dr. M. M. Wintrobe, Dr. J. R. Birmingham, and Dr. J. J. 
Ragan for these observations. 
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milk powder 25.0, linseed oil meal 12.0, crude casein 3.7, alfalfa meal 1.5, 
sodium chloride 0.4, and calcium carbonate 0.4. Large rats (250 gm. and 
over) consumed 10 to 15 gm. of this mixture per day. 

The composition of the deficient diet was as follows: protein (acid- 
hydrolyzed casein concentrate®) 147 gm., -eystine 1.5, sucrose 150, starch 
420, Crisco 190, salt mixturet 20, brewers’ yeast (Mead Johnson) 42.7, 
eod liver oil substitute (Mead Johnson) 50, agar 20, and water to make up 
the proper consistency. The control diet was prepared by supplementing 
the above mixture with 2.25 gm. of /-tryptophane. 

Animals on the deficient and the control diet were kept in individual 
eages Which, however, were not designed in such a way as to prevent 
coprophagy. 

Collection of Blood Samples— These were obtained in all instances by 
heart puncture, from 1.0 to 2.5 ml. being obtained at one time. ‘This was 
ejected into a 5 mi. centrifuge tube containing lithium oxalate and shaken 
vigorously. After removal of samples for hemoglobin determination and 
cell counts the remainder was centrifuged, determinations of non-protein 
nitrogen and plasma proteins being carried out on oxalated plasma. 

Hemoglobin was determined colorimetrically with a WKlett-Summerson 
photoelectric colorimeter. 

Non-Protein Nitrogen and Plasma Proteins— The small quantities of blood 
available have necessitated some modification of standard procedures for 
these determinations. We have found it practicable to determine non- 
protein nitrogen, total mitrogen, and albumin on quantities of 0.2 ml. of 
plasma each. 

Total plasma proteins and albumin were determined by slight modifiea- 
tions of the usual procedures (24) with 0.2 ml. of plasma; globulin was 
estimated by difference. 

*The acid-hvdrolyzed casein concentrate was prepared as follows: | kilo of crude 
easein (Sheffield) was hydrolyzed under a reflux for 20 to 23 hours with 4 liters of 20 
percent HoSO,. After cooling, the hydrolysate was neutralized by the slow addition 
of asolution containing 625 gm. of calcium oxide (technical) in4 liters of water. The 
mixture was stirred well, resulting in the evolution of ammonia. After standing 
overnight it was filtered and the calcium sulfate cake washed several times with warm 
water. The combined filtrate and washings were concentrated in vacuo at 50-60° 
to approximately 2 liters. The ammonia-free concentrate was now made neutral to 
litmus with 50 per cent H.SO,, cooled under the tap, and the resulting ealeium sulfate 
filtered off. The protein content of the resulting filtrate (N & 6.25) was estimated 
from a micro-WKjeldahl analysis of a suitable aliquot. For use in the diet, a volume 
equivalent to 147 gm. of protein was further concentrated in vacuo to approximately 
200 ml. 

‘The salt mixture employed had the following composition (measured in gm.): 
NaCl 18.9, CaHlPO,, anhydrous, 25.0, MgSO,, anhydrous, 6.86, KHCO, 44.4, KCl 
2.88, Fe!!! citrate, u.s.p., 2.21, CuSO,, anhydrous, 0.24, MnSO,, anhydrous, 0.15, 
KI 0.015, NaF 0.03. 
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The procedure for determining non-protein nitrogen was as follows: 
0.2 ml. of plasma is treated with 5 ml. of 5 per cent trichloroacetic acid in 
a 10 ml. Erlenmeyer flask and allowed to stand 10 to 15 minutes. The 
precipitated protein is filtered off, a 2.5 em. funnel and No. 44 Whatman 
filter paper being used. A 4 ml. aliquot of the filtrate is removed to a 
100 ml. Kjeldahl flask for micro-Kjeldahl determination. Digestion is 
effected by the use of 2 ml. of concentrated H.S0O,, and the CuSO,-K,.SO, 
mixture; for final clarification 6 drops of superoxol are added. Before 
distillation, 5 ml. of 0.01 NS ammonium sulfate are added, in order to increase 
the quantity of N to the range of maximum sensitivity of the Kjeldahl 
determination. An identical quantity of ammonium sulfate is used in a 
blank control determination. Distillation and subsequent boric acid titra- 
tion of the distilled ammonia are carried out according to the procedure 
of Meeker and Wagner (25). The non-protein N of the sample is deter- 
mined by the difference between the nitrogen in the plasma sample and 
in the (NH4)oSO,4 blank. 


Results 


Influence of Age on Blood Values of Normal Rats—-Data on normal adult 
and voung rats on the stock diet are presented in Table [T. It will be 
noted that the voung rats weighing from 55 to 75 gm. have lower hemo- 
globin and red cell counts than the adult animals, as has been observed 
with other strains of rats (26). The adult animals exhibit hemoglobin 
concentrations between 12.8 and 13.8 gm. per cent (average 13.3) in con- 
trast to a range of 11.2 to 12.7 gm. per cent (average 11.9) for the voung 
animals. The red cell count in the adult animals is between 8 and 10 
millions, whereas in the young animals it is between 5 and 6 millions. 

The non-protein nitrogen values tend to be higher in the adult animals, 
as do the values for the plasma proteins. The total protein averages 
6.4 gm. per cent in the adult animals in contrast to 5.2 gm. per cent in 
the voung ones. The lower value in young animals is most conspicuous 
in the globulin fraction, with the result that the albumin-globulin ratio 
tends to be higher in these animals. We have not found data in the litera- 
ture regarding the plasma proteins of rats at different ages, but it is well 
known that in other species, notably in man, the plasma proteins tend to 
be low in early life. 

In Table IT are presented data from rats that received a trvptophane- 
deficient diet supplemented with tryptophane. These animals were of 
an age intermediate between that of the voung and old animals shown in 
Table I at the time the blood was examined. The blood findings are 
similar to those in the adult animals on the stock diet. 
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Vs: TABLE 
in Blood Studies on Normal Male Rats on Stock Diet 
he The values represent the averages and a average deviation. 
an | | adult 
a ‘Be (55-75 in | (290-48 in weight) 
Total plasma gm. | 5. 16 + 0. 19 6.402 0.27 
3.80 0.138] 4.97% 0.25 
se Albumin-globulin ratio... of | 2.1 £40.32 
h] Non-protein N, mg.%.. | 61.5 += 8.4 
Hemoglobin, gm.%. .. BOs i 
Red blood cells, millions 3 per c.mm. §.612 0.4 | 911+ 0.46 
White blood cells per ¢.mm........ (71250 «+875 7416 722 
d TABLE II 
Blood Studies on Rats Maintained on Tryptophane Control Diets 
Ty deficient diet supplemented with | 
Food in intake restricted Food ad libitum 
CTH. 3 CTH. | CTH. 16 CTH-13 CTH.8 CTH-7 Rat A 
d Days on diet........ 236 236 102 217 217 
— Initial body weight, | 
| 133 130 63 60 ~=108 90 80 
ae Weight change, gm. +6.5 4+11.0 +66.0 +37.0 —6.0 4113 +140 +122 
Average daily food 
() intake, gm........| 5.0 5.0 5.0 5.0 5.0 7.0 7.0 8.0 
Total plasma _ pro- 
: tein, gm.%....... 6.67 6.76 7.08 6.06 6.34 6.08 6.30 6.44 
ree Albumin, gm.%..... 4.10 4.43 4.98 4.41 4.67 3.84 1.34 4.18 
| Globulin, gm.%.._. 2.57| 2.10 1.65 1.67 2.24 1.96 2.26 
Albumin-globulin 
1.6 1.9 2.4 2.7 | 2.8 2.2 1.9 
) Non-protein N, 
: mg.%... | 32 39 35 45 64 19) 37 3S 
Hemoglobin, gm.% 12.4 13.2 13.1 13.6 13.2 14.6 13.4 
Red blood cells, mil- 
lions per c¢.mm., . 9.15 
White blood cells 
per c.mm..... 7500 
| 


* The protein equivalent in the diet of this animal was supplied as a 


derived from casein and 15 per cent from the proteins of the pancreas. This 
was kindly supplied to us by Mead Johnson and Company. 


migen, a 


pancreatic digest of casein in which approximately 85 per cent of the nitrogen is 
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Effect of Inanition on Blood Constituents of Rat—Of the eight rats on 
the tryptophane-supplemented diet shown in Table IT three were allowed 
to eat the diet ad libitum and in the other five the intake was restricted 
to 5 gm. a day, the average quantity consumed by rats on the tryptophane- 
deficient diet. The rats on unrestricted intake gained weight in a normal 
manner, but those on the restricted intake gained very little weight and 
one of them lost weight. Nevertheless the rats whose intake had been 
restricted exhibited values for hemoglobin and plasma proteins similar 
to those whose diet was unrestricted. 

Influence of Tryptophane Deficiency—In Vable [TL are presented our data 
on sixteen rats fed on a diet deficient in tryptophane. All of these animals 
ate poorly, but although they consumed quantities of food comparable 
to those of the rats on a restricted intake of the trvptophane control diet, 
the rats on the deficient diet did not maintain their weight: all of them 
showed greater or lesser degrees of weight loss. They also exhibited the 
symptoms of tryptophane deficiency which we have reported elsewhere. 
An examination of Table II] reveals a striking reduction of the total 
plasma protein. Both the albumin and globulin fractions are affected 
with no conspicuous change in the albumin-globulin ratio. The hemo- 
globin is reduced below 12.5 gm. per cent in ten of the sixteen animals. 
An examination of the individual protocols indicates that the duration of 
the deficiency and the size of the animal are important variables here. 
(of the large rats weighing 250 gm., five out of six that had been on the diet 
for 86 davs or more showed reductions in hemoglobin and the sixth rat 
was beginning to tall, as shown by serial observations in Table VV. The 
one large animal which had been on the diet for only 64 davs showed no 
reduction in hemoglobin. Of the nine small rats (60 to 117 gm. at the 
onset of the experiment) six which had been on the diet for 50 days or more 
showed reductions in hemoglobin and the remaining three which had 
ingested the diet for a shorter period showed no reduction. The observa- 
tions which were made on the red cell count fail to indicate any significant 
reduction in tryptophane deficiency; in five out of six rats whose red cells 
were counted, these remained at a normal figure above 7.5 millions in 
spite of a reduction in hemoglobin; the sixth animal showed a subnormal 
red cell count which failed to rise with the hemoglobin rise occurring after 
the restoration of tryptophane (Table Vj). It would thus appear that the 
anemia of tryptophane deficiency is hvpochromic in character. 

Qur observations on a small number of rats that were followed with 
serial observations during the development of deficiency and after restora- 
tion of trvptophane to the diet are shown in Tables [Vand Vo ‘They illus- 
trate the progressive reduction of both plasma proteins and hemoglobin 
as the deficiency progresses and the return to normal with its restoration. 
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Rats TH-17 and TH-32 show that the fall in plasma protein oceurs more 
promptly than that in hemoglobin. 


C‘omment 


The observations recorded above substantiate the limited data in the 
literature in regard to the importance of tryptophane for serum protein 
formation. Our data lkewise give support to the view that tryptophane 
is needed for the svnthesis of hemoglobin. The development of anemia 
In our trvptophane-deficient rats confirms the findings of Fontes and 
Thivolle (21) and of the Japanese workers (13, 14) and is in sharp contrast 
to those of Aleoek (17). A closer examination of Aleock’s data in the 
light of our present findings may provide an explanation tor this. dis- 
erepaney.  Aleoek’s experiments on a trvptophane-deficient diet were car- 
ried out on a diet constructed from equal parts of zein and acid-hydrolyzed 
casein; he himself mentions the possibility that the zein was not entirely 
free from tryptophane. The weight of his animals is not given, but pre- 
sumably these were adult rats. If so, the duration of his deficiency diets, 
40 to 110 days, is scarcely long enough to lead to anemia, as judged by our 
experience with adult rats. Furthermore, two of the nine rats. used in 
this experiment actually did develop anemia. Alcock’s curative expert 
ments, in which he cured milk anemia by a trvptophane-deficient diet, 
were carried out on voung growing rats and in this instance he used acid- 
hvdrolvzed casein as a source of nitrogen, material which was undoubtedly 
free from tryptophane. However, these experiments were of very brief 
duration. The anemia-producing diet was continued for 3 to 4 weeks only 
and the trvptophane-deficient diet for only a fortmight bevond this, the 
longest possible duration of anv experiment in this series being 42 days. 
It may be recalled that 50 days or more were required in our voung rats 
for the trvptophane-deficient diet to produce anemia. [It seems likely that 
reserves of tryptophane sufficient for hemoglobin svnthesis were still pres- 
ent at the time his anemia-producing diet was discontinued. The results 
of Aleoek do not therefore conflict with ours. His negative findings are 
explained by the conditions emploved in his experiments. 


SUMMARY 


1. It is shown that the plasma proteins as well as hemoglobin are higher 
in adult rats than in voung animals. 

2. A low caloric intake, sufficient to inhibit growth, causes no reduction 
in the concentration of plasma proteins or of hemoglobin. 

3. A diet deficient in tryptophane brings about a reduction im plasma 
proteins and in hemoglobin. The reduction in plasma protein precedes 
that of the hemoglobin. The addition of a tryptophane supplement. re- 
stores the plasma proteins and hemoglobin to the normal level. 
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THE EFFECTS OF HIGH PRESSURE ON THE INVERSION OF 
SUCROSE AND THE MUTAROTATION OF GLUCOSE 


By FRANK V. SANDER, Jr. 


(From the Physiological Laboratory, Princeton University, Princeton) 
(Received for publication, February 17, 1943) 


Because of increasing interest in the effects of pressure on biological 
and chemical reactions 7n vitro as well as in vivo, it was believed that a 
study of a typical enzymatic reaction under conditions of high pressure 
would reveal something more of the fundamental nature of vital processes. 
The purpose of the investigation was to find the relation between tempera- 
ture and pressure and the activity of the enzyme invertase, in accordance 
with the experiments of Johnson, Brown, and Marsland (1, 2) on luciferase. 
Unfortunately experimental difficulties permitted pressure studies at only 
one temperature, but nevertheless several new and interesting features of 
the mechanism of sucrose inversion were uncovered. 

A few attempts have been made in the past to study cane-sugar hydroly- 
sis under pressure. In 1892 Roéntgen (3) reported that gas (CO. and Ne) 
pressures of 500 atmospheres (7000 pounds per sq. in.) appeared to inhibit 
sucrose hydrolysis catalyzed by HCI to a very small degree. He assumed 
that the effect was due to a decrease of acid dissociation under pressure. 
Rothmund (4) in similar experiments confirmed his work by finding a 
i per cent decrease in inversion velocity for every 100 atmospheres pressure. 
It has been pointed out (5), however, that Réntgen’s results are invalid, 
since the constants caleulated differ by so small an amount. Stern (6) 
has shown that pressure up to 500 atmospheres will cause an apparent 
decrease in the velocity of sucrose inversion when the reaction is catalyzed 
by hydrochloric, sulfuric, or oxalic acid. The same pressures, however, 
seem to accelerate the process when phosphoric or acetic acid is used. 
His velocity constants have been calculated and compared by Cohen and 
DeBoer (7), whose independent investigations also showed reduction in 
speed of hydrolysis. They expressed the influence of pressure with the 
formula, d In k/dP = constant. The experiments with invertase de- 
scribed in the present paper indicate no decrease in velocity constants, 
but rather resemble those with acid hydrolysis in which the constants were 
increased by pressure. 


EXPERIMENTAL 


Apparatus—The reaction chamber consisted of a heavy walled iron 
tube, 16 inches in length, into which the experimental mixtures were 
poured. The middle portion was supplied with a hydrostatie pressure 
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inlet tube, and each end was cut in such a way that it might accommodate 
a close fitting, self-sealing cap. Each cap was so designed that a thick 
(7.5 mm.) plate glass window could be permanently sealed in one end, 
To prevent any undesired effects from the metal of the tube the entire 
chamber was electrically plated with layers of copper, nickel, and silver, 
A water jacket was provided, and the svstem was thermostatically regu- 
lated to +0.1°>, all experiments being carried out at 2)0.0°. When com- 
pletely assembled the bomb just fitted the Sehmidt and Haensch half 
shadow polarimeter which was used to tollow the reactions by the usual 
methods. The light source was a General Electric sodium vapor lamp. 
Pressure was maintained by means of a specially constructed hand hy- 
draulic pump, oil being used as the medium of pressure transmission. 
Compression up to 10,000 pounds per sq. in. was available. 

A commercial invertase solution supphed by Eimer and Amend was 
used throughout, and sucrose solutions were prepared freshly for each 
experiment trom the same lot of commercial granulated cane-sugar. Aeid- 
ity Was maintained constant with a lil stock mixture of O.1 N sodium ace- 
tate and 0.1 N acetic acid (pH 4.5) to which a tew drops of toluene had been 
added as a preservative. The same volumetric apparatus was used in 
all experiments. 

Pressures greater than 3000 pounds per sq. in. produced a great amount 
of double refraction in the observation windows, and the polarimeter could 
not be read. For this reason reactions under higher pressures were fol- 
lowed by temporarily removing pressure before each observation. A read- 
ing Was taken approximately every 5 minutes, and the time trom removal 
to reapplication Was In most cases about 20 seconds. Eventually, how- 
ever, the windows developed permanent strain. On this account the 
method was modified, and the reaction chamber was fitted with a new set 
of windowless caps. In place of reading rotation through the bomb, 3 ce. 
samples were withdrawn through a needle valve into a test-tube, the solu- 
tion in the chamber being displaced by oil, The samples were trans- 
ferred to a small bore glass polarimeter tube, and the observed change in 
rotation under the new conditions was taken as a measure of the reaction 
rate. All those experiments recorded with the windows in place constitute 
Series I, while those followed by the sampling method make up Series I. 
Since the two series contained different quantities of reactants, the experi 
ments in each are not comparable. The concentrations for the respective 
enzyme-substrate mixtures were as follows: invertase syrup, Series [, 0.68, 
Series II, 0.27 per cent; sucrose, Series I, 6.00, Series [I], 5.71 per cent; 
buffer and water, Series I, 93.37, Series II, 94.02 per cent; total volume, 
Series I, 30, Series I], 35 ee. 

The experiments of Series IT can be further divided into two classes: 
(1) samples treated with 1 drop of 5 ~ NaOH to inhibit the reaction and 
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to complete glucose mutarotation (final pH, I1 to 12), and (2) samples 
tested as quickly as possible after withdrawal with no inhibition (the 
maximum time lapse was 2 minutes). 

It mav be thought that pressure has a deleterious effect on the enzyme 
itself, thereby influencing experimental results. Matthews, Dow, and 
Anderson (8), investigating pepsin and rennin, and Macheboef and Bas- 
«et (9), working on invertase, have shown that only extremely high pres- 
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@. five experiments at atmospheric pressure, 


Fic. Series window method. 
in.: @, four experiments at 6000 pounds; 


@. two experiments at 2000 pounds per sq. 


two experiments at 
sures Can inactivate purified enzymes. A compression of 6000 atmospheres 
(88,006 pounds per sq. in.) has no apparent effect on invertase activity. 

Results Several experiments were conducted at arbitrary pressure 
levels for each series, and the results were compared graphically. In 
a plot of the observations for all experiments at 


Series | (glass windows) 
This permitted the 


a given pressure level showed very close agreement. 
of an “average curve’ through the apparent mean of all 
Similar plots for other pressures showed that there was a 


construction 
the points. 
difference between the curves that varied positively with pressure. Fig. 1 


summarizes these results. 
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A similar situation was found for the uninhibited experiments of Series IT, 
However, when the invertase in the reaction samples was in/iibited with 
NaOH, the average curves had precisely the same locus regardless of the 
pressure, whether atmospheric or 10,000 pounds per sq. in. Fig. 2 com- 
pares typical inhibited and uninhibited reactions. It is of interest to note 
that the values for eleven experiments on treated samples at six different 
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Fic. 2. Comparison of pressure effects on inhibited and uninhibited reactions, 
Series I]. The concentrations of invertase and sugar are the same in all cases. 
atmospheric pressure, uninhibited; ®, 8000 pounds? uninhibited; ©, atmospheric 


pressure, inhibited with NaOH; &, 8000 pounds, inhibited with NaOH. 


pressure levels all fell on the same curve (‘inhibited” in Fig. 2). The 
readings are not included. Since NaOH not only inhibits invertase but 
also completes mutarotation, the released glucose of the inhibited samples 
of Series II was brought to equilibrium immediately, while in the remain- 
ing experiments of Series IT and those of Series I mutarotation was allowed 
to proceed at its normally slow rate. In view of the above results the 
only acceptable conclusion is that the actual rate of sucrose hydrolysis 1s 
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not affected by pressure, while the speed of mutarotation is proportionately 
increased, 

The nature of the experiments necessitated the use of a less commonly 
emploved method for calculating relative reaction velocities. The slope 
of the reaction curve at any point is proportional to the amount of sub- 
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Ria. 3 Log plet of tangents to average eurves’’ (Fig. of Series The slopes 
are tuken as measures of the reanetion rates. Curve A. atmospherie pressure, slope 
- 2 O68: Curve B, 2000 pounds, slope Curve 6000 slope = 2 
Curve 1D), 7000 pounds, slope = 2.64. 

hig. 4. Log plot of tangents to “average curves’’ (Fig. 2) of Series IL. The slopes 
are taken as measures of the renetion rates. Curve A. atmospheric pressure, slope = 
O58: Curve 5000 slope = O77; Curve ©, S000 porns, slope = 1.00; Curve 
M, logs of tangents to the curve of Fig. 2.) Atmospherie pressure, inhibited with 
NaOH. miitarotution complete, slope = 


strate remaining and consequently can be included in a consideration of 
velocity constants. Now since the enzymatie hydrolysis of sucrose can 
be considered a pseudounimolecular reaction (10, 11), tangents were accu- 
rately drawn to arbitrary points on each “average curve,’ and the logy;,) 
of the caleulated slopes was plotted against the time values for each 
point. This proceedure gave more or less straight line plots over the unt- 
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molecular portions of the reactions, the slopes being equivalent to the 
true velocity constants. Fig. 3 summarizes the calculations for the ex- 
periments of Series I, while Fig. 4 similarly describes Series I]. The inde- 
pendently plotted slopes were transposed along their abscissas to eliminate 
unnecessary confusion in the composite graphs. It can be noted from 
Fig. 4 that no pressure was great enough to cause the apparent velocity 
constant to exceed that obtained when mutarotation was brought to 
completion with NaOH at atmospheric pressure (Curve AT). 


DISCUSSION 


The results deseribed above are undoubtedly due to the effeet of pressure 
on the mutarotation of glucose. In view of this a tundamental analvsis of 
the isomeric change can be made.  Fredenhagen and Bonhocfter (12) have 
shown that the conversion of a-glucose to 8-glucose in either diree- 
tion is impossible without a breaking of the pyvranose ring structure. 
In accord with this a reasonable explanation of the mechanism has been 
offered (13, 14) by assuming that, e.g. for acid catalysis, there is first a 
mobile and reversible addition of a proton to the ether oxvgen, tollowed by 
a rate-determining reaction with a base to give the aldehydic open chain 


form. 
+ & 
H~_ _-CH,OH 
( 
OH 


kor basie catalysis, on the other hand, there is a mobile and reversible 
removal of a proton, preceding a similar rate-determining reaction with 
an acid to produce the same open chain. In either case both a source 
(acid) and an acceptor (base) of protons must be present. The reversion 
of the aldehydic chain torm to the ring structure may take place in either 
configuration of the aldehydic carbon. 

With this in mind we can propose a reasonable hypothesis to explain 
the influence of pressure. Assuming that pressure does not markedly 
alter the reaction medium, it is probable that a-glucose on its release from 
the sucrose molecule undergoes a decrease in molecular volume as it passes 
from the inactive pyranose state to the activated open chain aldehyde 
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form. Since this process is the rate-determining one, it holds that an 
increase in pressure must necessarily cause an increase in reaction velocity 
(Le Chatelier’s principle). 

The concept of ‘absolute reaction rates’? (15) is based upon the theory 
that anv chemical reaction is characterized by an initial structure, which 
passes through an intermediate configuration critical for the process, to a 
final structure. The intermediate is called the “activated complex”’ of the 
reaction, and does not necessarily possess the same molecular volume as 
do either reactants or products. It is possible to calculate the amount of 
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Fic. 5. Logarithms of the slopes in Figs. 3 and 4 versus pressure 


volume change of a glucose molecule upon activation by means of the 
relation! 


RT d In 


AV? = 

dP 
where Al’? = the change in volume per mole between activated and inae- 
tivated states, R = the gas constant in ce., atmospheres per mole per 
degree = 82.05, 7 = the absolute temperature = 293° K., ko = A In of 


the caleulated slopes (Figs. 3 and 4), which in turn are proportional to the 
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velocity constant (A login measured trom the graph must be multiplied 
by 2.3), P = pressure in atmospheres. 

lig. 5 shows the logarithms of the slopes of Figs. 3 and 4 plotted against 
pressure. When ordinates are taken as A logio A’ and abscissas as AP’, the 
above equation applied to Series I indicates that glucose undergoes a 
decrease in volume of 12.5 ce. per mole on activation. A similar caleula- 
tion for Series IT gives a value of 21.2 ce. per mole. The discrepancy be- 
tween the two quantities is undoubtedly due to the insufficient number of 
points with which the straight lines were determined. The slopes are so 
small and the points for Series IIT are so widely scattered that it is difheult 
to determine the exact position of the curve. The 12.5 value is prob- 
ably closer to the true volume change, since the slope is more accurately 
indicated. 

The volume change can be explained qualitatively by assuming that the 
atoms of a glucose molecule enclose a relatively large amount of dead 
space in the center of the closed ring. Upon activation the molecules will 
spring open into more or less rod-like configurations that tend to crowd 
into the previously unoccupied areas. 


SUMMARY 


1. Pressures up to 10,000 pounds per sq. in. do not alter the rate of 
hydrolysis of sucrose by invertase. 

2. The rate at which a-glucose comes to equilibrium with its isomer, 
3-glucose, is related positively to the pressure exerted on the svstem. 

3. A volume change is involved in the rate-determining step for glucose 
mutarotation. The activated complex of a-glucose possesses a lesser 
molecular volume than does a-glucose itself, 

4. The volume decrease on activation is calculated. 


The author wishes to express his sincere gratitude to Dr. Ik. Newton 
Harvey and Dr. A. M. Chase tor their invaluable assistance and encourage- 
ment during the time required to develop this paper. Indebtedness is also 
felt toward Dr. Henry E-vring, who made possible the calculations involving 
molecular volumes. 
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THE NATURE OF THE INSOLUBLE SODIUM OF BONE. THE 
ADSORPTION OF SODIUM AT FORTY DEGREES BY BONE, 
DENTIN, ENAMEL, AND HYDROXYAPATITE AS 
SHOWN BY THE RADIOACTIVE ISOTOPE* 


By HAROLD CARPENTER HODGE, WILLIAM F. KOSS, JAMES T. GINN, 
MARLENE FALKENHEIM, ELIZABETH GAVETT, RICHARD C. FOWLER, 
ISABELL THOMAS, JOHN F. BONNER, ann GERHARD DESSAUER 
(From the Departments of Biochemistry and Pharmacology and Radiology, School of 
Medicine and Dentistry, and the Department of Physics, College of Arts and Science, 
The University of Rochester, Rochester, New York) 


(Received for publication, February 20, 1943) 


Sodium has for so long been associated with body fluids and fluid ex- 
change that small attention has been directed to the place of sodium in the 
solid structure of bone. Concepts of the rédle of sodium in the animal 
economy have centered on its presence in the extracellular fluid and in the 
blood plasma. However, since bone is formed in contact with, 1f not 
actually from a salty fluid, it is not surprising that some sodium is found in 
bone. And the small percentages of sodium in the inorganic or ash portion 
of bone (0.2 to 0.9 per cent) aid in the well established impression that the 
sodium content of bone is negligible, both as to its place in the bone struc- 
ture and as to its relation to the sodium of extracellular space. 

However, two facts about sodium (1), not usually appreciated, indicate 
that bone sodium has an important function in the relation of bone struc- 
tures to body fluids: (a) half the body sodium is in the skeleton, and (6) 
half the bone sodium is insoluble. The latter fact has led to the idea that 
hone sodium is of two sorts; half is present dissolved in extracellular fluid 
and is balanced (ionically) by chlorides, while the other half 1s fixed in the 
bone mineral, perhaps as a part of the apatite lattice (2). This idea of a 
stable sodium fraction is made plausible by the demonstration that the 
higher the ash percentage of a bone sample, the higher the sodium content. 
Furthermore, in the ash of normal and osteoporotic rat bones, the calcium 
content is related in linear fashion to the insoluble or excess sodium content, 
so that for every 30 moles of calcium, | mole of sodium is present (2). 
Such a constaney might be explained by compound formation. This is a 
simple blood to bone sodium relation which might be likened to a salty 
tide washing a slightly alkaline beach with no consequent change in either. 
However, this explanation is too simple; the tissues of the body are not of 
fixed and stable make-up. 

* This work was supported in part by a grant from the Carnegie Corporation of 
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In Vivo Lability of Bone Sodium—Some of the facts which indicate a 
lability of the bone sodium are listed as follows: 

Spongy bone, as shown by Waltreider et al. (3), takes up radioactive 
sodium from the blood as if the spongy bone were 50 per cent plasma. 
Assuming the radioactive sodium found in the bone is in solution in the 
extracellular fluid, this is a fairly high value but not bevond physiological 
limits, since less than 50 per cent of such bone is mineral. Surprisingly, 
compact bone will take up sodium as if the bone were 67 per cent plasma. 
This is extraordinary, since 50 per cent or more of this bone is mineral 
matter. At first glance, it would appear that bone has the ability to con- 
eentrate sodium. An alternate explanation would involve the exchange 
of some of the insoluble sodium of the bone with the soluble sodium of the 
extracellular fluid, 

In measuring the sodium space of normal and cardiac patients, INalt- 
reider ef al. using radioactive sodium found that a repeated measurement 
on a subsequent day uniformly gave lower values for the total space 
available for sodium distribution. Their technique involved the intra- 
venous administration of 0.8 gm. or more of sodium chloride in solution. 
It seemed as if some sodium reservoir was filled on the first test and that 
in the subsequent tests, less sodium space existed in the body. A labile 
bone sodium would act as such a reservoir; on intravenous sodium admin- 
istration the blood level would rise sharply, and sodium would be fixed by 
the bone and if released slowly would prevent an equal amount of sodium 
from being taken up by the bone stores on the occasion of a repeated test 
within a limited time interval. 

By suitable control, MeCance (4) was able to remove 8 gm. of sodium 
from a patient without a compensating decrease in the extracellular water 
content, as measured by body weight. This amount of sodium is con- 
tained normally in about 2.4 liters of extracellular fluid; so that such a 
volume change should have been easily detected. Only bone has excess 
sodium in sufficient amounts to be able to supply & gm. without drastic 
changes. In fact, 8 gm. of sodium are only about 40 per cent of tHe 
excess sodium of the adult skeleton, and the removal of this fraction may 
be within the limits of a deprivation experiment. However, this assumes 
a marked degree of lability of the insoluble traction of bone sodium. 

Harrison (2) fed rats 5000 to 10,000 units of vitamin ID daily for several 
weeks. He found, in sharp contrast to his findings on normal and osteo- 
porotic bones, that the sodium content was not proportionate to the calcium 
content, 1 mole to 30. In these rats, the sodium content was too low to 
fit the 1:30 ratio. Harrison suggested that the decaleifying action of such 
doses of vitamin ID might play some role. Such disproportionate sodium 
loss indicates an extra lability of bone sodium even as compared to the 


calcium. 
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These four observations point to a labile property of bone sodium which 
might be likened to an adsorption phenomenon; a rise in the blood sodium 
level is reflected at equilibrium by an increase in the bone sodium content. 
This bone sodium is a store (5) which can be drawn upon to maintain the 
blood level when a sodium loss tends to depress the blood sodium level. 
Such a lability would searcely be expected if bone mineral is a mixed 
sodium-calcium apatite, nor would the arbitrary division of bone sodium 
into insoluble excess sodium and extracellular sodium fractions remain 2 
reasonable hypothesis. 

In Vitro Lalility of Bone Sodium — The lability of bone sodium may be 
adequately described by assuming that sodium is adsorbed on bone min- 
erals. It has been suggested that bone and tooth mineral substance ts 


TABLE | 


Sodium Taken Up by Various Calcium Phosphates from Solutions of Sodium Chloride 
(3 to 0.0003 M 
Average Na taken up per gm. solid | 


Equilibrium 
concentration 


of sodium Apatite 
approximate Bone Dentin 
Sample A® Sample B 

10 xX $4 (4) (2) l4 (12) (7) 10) (6) 
3.0 <x 1.9 (4 0.94 (2) 3.64 (10) 1. SO (2) 0.92 (6) 
tel 0.076 (2) 0.40 ¢10) 0.28 (4) OS4 (6) 
103 0.60 (4) 0.026 (2) (10) 049 (7) 0.016 (6) 


The figures in parentheses represent the number of determinations averaged. 


This sample of hydroxyapatite is Sample TR 4, Pable 5 (7), and has a Ca:P ratio 
of 2.1] 


fundamentally composed of minute crystals of hydroxvapatite, a basic 
calcium phosphate. These tiny ervstals have a large total surface and 
offer adequate space for the adsorption of other elements and compounds 
found regularly in smaller amounts in bone ash. Thus, the bone sodium 
may well be “occluded, adsorbed or interstitially crystallized” (6). Some 
support of this hypothesis is gained from the data presented in Table I and 
Fig. |. The methods are discussed below. These data show that at 40° 
the amounts of sodium taken up by powdered bone trom aqueous solutions 
of sodium ehloride are satisfactorily described by the Freundlich adsorption 
isotherm (8). In other words, sodium is taken up by powdered bone (and 
other calcified tissues), ina reaction in which a surtace is the limiting factor. 

The adsorption of sodium by bone, dentin, enamel, and synthetic hy- 
droxyapatite probably takes place on the surface of the submicroscopic 
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hydroxyapatite crystals common to each of these calcium phosphates. 


The particles of powdered bone probably do not supply the active surface 


in this reaction; for example, it has been shown for phosphate adsorption 
(9) that variation in powder particle size has no influence on the adsorption, 
qualitatively or quantitatively. The active surface for phosphate adsorp- 
tion presumably is that of the hydroxyapatite ervstals; a comparison of the 
data on phosphate adsorption with those for the sodium adsorption will 
reveal so striking a parallel that the extension of this assumption to sodium 
adsorption seems permissible. Thus, with sodium as with phosphates, 


Vf 
+) 
O 
= 
© 
- OF SODIUM ON VARIOUS 
CALCIFIED TISSUES 
/ AT 40°C 
fi 
/ 


Fig. 1, Adsorption isotherms for sodium and the various caleium phosphates 


bone adsorbs more sodium than does dentin, which, in turn, adsorbs more 
than enamel. I[t is known that this represents the reverse gradation in 
crvstal size; bone crystals are smallest (average, 10°° em.) and enamel 
largest (average, 10°-* em.) (10). The smaller bone ervstals of hydroxy- 
apatite would have a larger surface per unit of weight and should adsorb 
more sodium. That this order of sodium adsorption really reflects some 
fundamental property of the hard tissues may be seen from the fact that 
the same adsorption order, 2.e. bone > dentin > enamel, is found for 
fluorine (11), phosphate. (9), and arsenic.' The hypothesis mav_ there- 


1 Hodge, H. C., unpublished data. 
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fore be advanced that at least part of the bone sodium is adsorbed on 
the surface of the crystals of hydroxyapatite which constitute the principal 
molecular component of bone. 

Qualitative Applications in Vivo of in Vitro Adsorption Data—There are 
a number of qualitative observations which are in reasonable accord with 
the adsorption hypothesis. (a) Compact bone adsorbed more radioactive 
sodium (3) than did spongy bone because compact bone has more hydroxy- 
apatite crystals (7.c. more ash) per unit weight than does spongy bone. 
More crystals mean more surface; hence more sodium taken up. (b) The 
decrease in sodium space on the second or repeated tests in human subjects 
(3) may be attributed to the establishment from the sodium chloride ad- 
ministration (intravenous) of a higher sodium level in the extracellular fluid 
which caused more sodium to be adsorbed per gm. of bone. There is 
evidence (Fig. 2) that sodium is rapidly adsorbed and slowly lost. The 


© 10 20 30 40 50 60 70 80 90 
Minutes 


Fic. 2. Uptake of radioactive sodium by powdered bone. The ordinate XY/M 
represents mg. of sodium per gm. of bone. The abscissa is the total time of exposure 
of the powdered bone to a solution of approximately 0.03 mM sodium chloride. 


bone samples adsorbed a ‘“*maximum’’ amount of sodium marked by Na” 
inabout 45 minutes. ‘This uptake ts in the insoluble sodium fraction, since 
the bone samples of Fig. 2 are repeatedly washed with distilled water until 
radioactive sodium is lost in negligible amounts on subsequent washings 
Therefore, in the patients receiving sodium intravenously, when the blood 
sodium returned to its former level, the bone probably still retained much 
of the sodium it had gained. On repeated tests of sodium space on sub- 
sequent davs, the bone sodium was already higher than normal and this 
Important site of the initial sodium uptake was no longer available. A 
lesser sodium uptake and a lower calculated sodium space was the result. 
(c) The loss of 8 gm. of sodium as observed by MeCance (4) would involve 
the maintenance of a decreased extracellular fluid sodium concentration to ~ 
remove 40 per cent of the total bone sodium. It is noteworthy that 
MeCance’s patient required 11 days to establish the loss of so much sodium. 
However, from other data given in MeCance’s report, calculations show 
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only a part (20 to 45 per cent) of the 8 gm. of sodium deficit can properly 
be accounted for by desorption. MeCance shows that the blood sodium 
decreased from an original value of 148 to 131 milliequivalents per liter at 
the end of the deprivation period. This concentration drop applied to the 
adsorption isotherm (Fig. 3) would account (ceteris paribus) for about 
1.6 gm. of sodium removed in a 70 kilo man whose skeleton made up 
16 per cent of his weight. From plasma chloride levels it may be similarly 


/ 
OF Na ON BONE. / 


. BONE 


PER G 
un 
NE 


° =: 
2 log 0.22 A 
Or / 
.7mg.Na/g bone 
= 
a 
a f 
= -10 
TAG log 0.145 = ~.84 
/ Approx .blood Neo 
concentration 
& 
4 -2 “| | 
LOG EQUILIBRIUM CONCENTRATION OF Na 
Fie. 38. The adsorption isotherm at 40° of sodium on powdered bone. The dotted 


lines represent the standard deviation. Entering the figure at the value on the 
abscissa corresponding to blood concentration of sodium gives the interpolated value 
in logarithmic units of 1.7 mg. of sodium per gm. of bone. 


‘alculated that 3.5 gm. of sodium can be accounted for. The remaining 
55 to 80 per cent of the sodium deficit came from unknown sources. (d) 
In the vitamin [D-treated rats of Harrison (2), a decalcification might 
well remove the surfaces of many hydroxyapatite crystals before any ervs 
tals were completely resorbed. If the sodium was adsorbed on the 
eryvstal surfaces, the decalcification would tend to remove sodium. faster 
than calelum. ‘This process would leave a bone which would have a sodium 
to ealetum ratio lower than the normal 1:30 ratio.  (¢) In the rats in which 
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osteoporotic bone was produced by a diet containing calcium carbonate 
(2), low caleium percentages were accompanied by a normal sodium to 
calcium ratio. According to the adsorption hypothesis, this indicates that 
less than normal amounts of calcium phosphates were deposited, but that 
the extracellular fluid was of approximately normal sodium concentration. 

Quantitative Applications in Vivo of in Vitro Adsorption Data—-The 
consideration of certain quantitative relations between blood and bone 
sodium also shows the usefulness of the adsorption hypothesis. On the 
hasis of | mole of sodium to 30 moles of calctum Harrison postulated a 
sodium-calcium apatite. From the adsorption data, it can be shown that 
a simple adsorption would account for the constaneyv of the relation, pro- 
vided (a) that the hvdroxvapatite crystals in various bone samples had 
comparable active surfaces and (6b) that the concentration of blood sodium 
and theretore of extracellular fluid sodium was fairly constant. Chemical 
analyses tor sodium by Harrison, Darrow, and Yannet (1) show in the case 
of Dog 2, for example, that 1756 gm. of skeleton contained 3.124 gm. of 
sodium or 1.78 mg. of sodium per gm. of bone. This dog’s plasma evi- 
dently contained about 145 milliequivalents of sodium per liter. If the 
blood sodium concentration is assumed to represent the sort of equilibrium 
state with bone which is deseribed by the 7m v7tro adsorption measurements, 
then entering Fig. 3 at log C = log 0.145 = —0.84 would lead to a predicted 
value of log for bone in vrve of +0.22. This corresponds to an 
value of 1.7 mg. of sodium per gm. of bone. Thus, from the adsorption 
experiments bone sodium levels such as are actually found by chemical 
analyses could be predicted. - 

From radioactive sodium studies comes additional confirmation of this 
relation. © hours after Dog 1 of Waltreider ef al. (3) was given sodium 
marked by Na’, the serum showed 129 counts per minute on the Geiger- 
Miiller scale-of-four counter (12). Assuming that the serum had about 
145 milliequivalents of sodium per liter, this amounts to 38.7 counts per 
minute per mg. of sodium. At this time, the femur had taken up 85 counts 
per minute per gm. or 2.2 mg. of sodium per gm. of bone. Other samples 
of whole bone by similar caleulation showed 1.5, 1.9, 1.8 mg. of sodium per 
gm. of bone. ‘These values all are of the same order of magnitude as the 
value of 1.7 mg. of sodium per gm. of bone predicted by the cn vitro adsorp- 
tion measurements. This is strong evidence for the adequateness of the 
adsorption hypothesis. 

The amounts of excess sodium reported (1) for various bone samples have 
varied somewhat. For example, for Dog 2, the excess sodium was 0.9 mg. 
of sodium per gm. of bone; for a monkey a value of 1.0, and for a rabbit of 


0.9 mg. per gm. were given. These values were obtained by the subtrae- 
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tion from the total sodium of sodium equivalent to the chloride content. 
However, the same fraction, about half the total bone sodium, is described 
as insoluble in water or in boiling alkaline leaches. Ixaltreider et al. (3) 
boiled bones containing radioactive sodium in 3 per cent potassium hydrox- 
ide in ethylene glycol to remove the organic matter (13). The amounts 
of sodium remaining were 0.95, 0.65, 0.22, 2.01, and 1.44 mg. of sodium per 
gm. of bone in several samples of femur shafts and epiphyses and of scapu- 
lae. Although there is a considerable scatter in these values, in general 
they are of about the same order of magnitude as those from chemical 
analyses; the variations may represent varying degrees of desorption. It 
is noteworthy that the insoluble or excess sodium may easily be accounted 
for by adsorption, since in each case these values are lower than the mg. of 
sodium per gm. of bone predicted from the zn vitro experiments. It should 
be remembered that the zm vitro bone samples were measured for their 
radioactive sodium uptake only after thorough washing with distilled 
water. Thus the 2n vitro measurements were of sodium which was insoluble 
in two or three washings in distilled water. 

Bone sodium may thus be assigned a first order physiological importance. 
Storing sodium (3) when the blood level rises and providing a surprisingly 
adequate reservior when a sodium drain is established, the bone thus acts in 
both instances to maintain the constancy of the blood and extracellular 
Auid sodium level. This behavior of bone sodium and even the magnitude 
of the sodium content normally found in bone are shown to be adequately 
accounted for as adsorption phenomena on the assumption that blood and 
bone constitute an “equilibrium” system similar to the sodium chloride 
solution-powdered bone system studied tn vitro. Until more direct evi- 
dence of chemical combination of sodium as an apatite replacement atom 
is found, bone sodium may be described as an adsorbed constituent on the 
surface of the minute bone crystals of hydroxyapatite. 

Method—The procedure has already been described in detail (11). 
Briefly, the steps are as follows: (1) 50 mg. samples were taken of powdered 
(60 mesh) bone, dentin, enamel, and a synthetic hydroxvapatite (Sample 
H2 with a Ca:P ratio of 2.11, described by Hodge, LeFevre, and Bale (7)). 
The bone had been ashed with 3 per cent KOH in glycol (13); the dentin 
and enamel were the unashed product of the centritugal flotation separa- 
tion process (14). (2) Powdered samples in duplicate were exposed for 45 
minutes at 40° (Fig. 2) to 25 ml. aliquots of various sodium chloride solu- 
tions containing aliquots of radioactive sodium. (3) The solutions were 
removed by centrifugation and decantation, and the powders washed 
repeatedly (usually two or three times) in distilled water. (4) The mineral 
samples were then dissolved in a small volume of dilute hydrochloric acid 
and the radioactivity of a 2 ml. aliquot determined by the Geiger-Miller 
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scale-of-four counter. Each point was determined in duplicate or quadru- 
plicate. The entire study was carried out in an independent fashion in 
three instances (Table I). 

Data—The mg. of sodium taken up per gm. of bone, hydroxyapatite, 
dentin, and enamel are given in Table I for each of the final concentrations 
of sodium chloride. It is noteworthy that bone, which, in vivo, contains 
about 2 mg. of sodium per gm., is capable of taking about 7 times this 
quantity (14 mg.) from a 3 mM sodium chloride solution. The sodium taken 
from the solution was never a large fraction of the total sodium initially 
present; thus bone took up 0.06 per cent of the sodium from the 3 M solution 
and 0.06, 0.2, 0.5, and 2.5 per cent from the more dilute solutions, respec- 
tively (Table I). 

The fact that sodium is adsorbed by bone as shown by the radioactive 
isotope raises the question of the mechanism. At least two reactions are 
possible, (1) Na®* marked with Na** exchanges with Na** or with other cat- 
ions,? or (2) sodium presumably as NaCl is adsorbed as a molecule. If 
the latter alternative is true, the change in chloride content should be 
measurable. Miss Loraine Haege, of the Department of Physiology, 
kindly analyzed duplicate 100 mg. aliquots of enamel before and after 
exposure to 3 M NaCl solution. Before exposure, the enamel samples 
contained 0.045 and 0.062 mg. of chloride, respectively. After exposure 
other samples contained 0.331 and 0.332 mg. respectively. The increase 
after exposure corresponds to about 2.8 mg. of chloride per gm. of enamel, 
which as NaCl would be accompanied by 1.8 mg. of sodium. Since enamel 
under these conditions has been shown to take up about 14 mg. of sodium 
per gm., the adsorption of molecular NaCl can account for only one-eighth 
of the total. In consequence, it may be suggested that the exchange of 
sodium from the solution with sodium or other cations of the calcified tissues 
is the more important mechanism of the adsorption process. 

The & values in the Freundlich (8) equation can be compared for phos- 
phate, fluoride, and sodium adsorption on the calcified tissues. Here, bone, 
dentin, and enamel give for the most part almost identical values; that is, 
the differences among the three tissues are much less than the differences 
among the adsorbing powers for phosphates, fluorides, and sodium. Com- 
pared to sodium (Table IT), about 20 times as much phosphate is adsorbed 
at 40°, 5 to 7 times as much fluoride at 40°, and 1.2 to 0.3 times as much 
phosphate at 200° (15). ‘This is not surprising, since phosphate exchange 
would provide for a large order surface reaction and since fluorides are 


2 Jt is conceivable that Na** might preferentially exchange with Na** and thus 
give a falsely high apparent rate of Na®* turnover; this is not held to be a likely 


occurrence. 
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known to react rapidly and quantitatively with calcium phosphates. The 
marked numerical similarity in & values for a given adsorbed substance on 
the three tissues may be taken as evidence of a common chemical unit- 
responsible for the adsorbing surface in each tissue. 

Although only a few analyses of the sodium content of enamel and dentin 
are available (16-18), these tissues contain more sodium than does bone: 
values from 2 to 9 mg. of sodium per gm. are given for enamel, from 2 to 6 
mg. per gm. for dentin. From the adsorption isotherms (big. 1), the 
predicted values are approximately 0.7 mg. of sodium per gm. of enamel 
and | mg. per gm. of dentin. Better agreement has been found in the 
radiosodium data of Koss and Ginn (19). In dogs sacrificed 12 hours after 
radiosodium administration, enamel had taken up or exchanged 0.5 to 1.0 
me. of sodium per gm., dentin 1.3 to 2.0 mg. per gm. ‘These values com- 
pare favorably with those predicted trom adsorption studies. Whole teeth 
ashed with glvcol-INKOH still retained sufficient radiosodium to correspond 


‘TABLE I] 


Adsorption of Various Tons by Calcified Tissues Compared tu Sodium As € nity 


lon Temperature Denty name 

PO, H) 25.2 22 4 

PO, HAM) pe. 


to about 0.3 mg. of sodium per gm. Tt is possible that in these denser 
tissues diffusion is a limiting factor in the adsorption studies and that a 
greater exchange could be discovered in longer exposures. Some evidence 
in this direction can be gained trom the studies of Waltreider ef a/. (3) and 
Kkoss and Ginn (19) on Dog 3. In this dog the bone radiosodium had 
nearly reached its highest value in 8 hours. In the inetsors and canines of 
the same dog Ikoss and Ginn found only 25 to 30 per cent of the peak value 
in 3 hours and 50 to 75 per cent after 9 hours. It would be interesting to 
run sodium adsorption studies on enamel and dentin at prolonged intervals, 
for example at 12 to 24 hours.  Hlowever, for enamel and dentin, until 
better analytical data are available, it is permissible to assume the same 
hypothesis as apples to bone and therefore that adsorption accounts for a 
major part of the sodium of these tissues. 


Compare the report of Manerv and Bale (20) who found «a per cent increase 
in rat femur radiosodium in the interval between S minutes and 12 hours after intra 


peritoneal injection. Unfortunately no intermediate data were recorded. 
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SUMMARY 


1. Bone, dentin, and enamel take up sodium from solutions of sodium 
chloride containing radioactive sodium. For each tissue the uptake is 
satisfactorily described by the Freundlich adsorption isotherm. 

2. Synthetic hvdroxvapatite under similar conditions also gives an ad- 
sorption isotherm. ‘The isotherms for the calcified tissues are numerically 
similar to that tor hyvdroxvapatite, from which it is inferred that the ad- 
sorption of sodium in the caleified tissues takes place on the surface of the 
mineral ultimate erystals. 

3. In amounts of sodium adsorbed, bone > dentin > enamel. This is 
the order of increasing ervstal size and therefore of decreasing surface area 
of the ultimate crystals. 

4. The nature of the bone sodium has never been established. The 
finding that at blood sodium levels the amount of sodium found in bone in 
pwo may be predicted by the adsorption isotherm is not proof that the 
bone sodium is adsorbed in vive. However, it may be said that the ad- 
sorbing power of bone is great enough to account tor the sodium present 
in 


- 


BIBLIOGRAPHY 


Harrison, Darrow, 1D. C., and Yannet, H., J. Biol. Chem., 118, 515 (1936). 
Harrison, H. J. Biol. Chem., 120, 457 (1937). 
3. Waltreider, N. L.., Meneely, G. R., Allen, J. R., and Bale, W. F., J. Rap. Med., 
74, 569 (1941 
$. MeCance, Ro A., Proce. Roy. Soc. London, Series B, 119, 245 (1936). 
5. Shohl, A. T.. Mineral metabolism, New York, 33 (1939). 
6. French, bk. L., Weleh, AL, Simmons, LeFevre, M. L., and Hodge, H. C 
J. Dent. Research, 17, (TOSS). 
7. llodge, Hl. C., LeFevre, and Bale, W. and Eng. Chem., Anal. 10, 
156 (1088). 
S. Freundlich, H., Wapillarechemie, Leipzig, 3rd edition (1923); Colloid and eapillary 
chemistry, translated by Hatfield, Hf. F., London (1926). 
Hodge, H. C., Van Huvsen, G.. Bonner, J. Fo. and Van Voorhis, S. N., J. Biol. 
Chem., 188, 451 (194) 
lO. Bale, W. F., Hlodge, and Warren, S. L.. Am. J. Roentgenol., 32, 369 (1934). 
ll. Volker, J. Hodge, H.C... Wilson, and Van Voorhis, S. N.. J. Biol. Chem.. 
134, 343 (1940). 
Bale, W. F., Haven, and Lekevre, M., Rev. Serent. Instruments, 10, 193 (1939). 
3. Crowell, C. D., Hodge. HL. C.. and Line, W. R., J. Dent. Research, 14, 251 (1934). 
Maniv, ROS... and Hodge, H.C... J. Dent. Research, 18, 133 (1939). 
15. Maniv, and Levy, Am. Chem. Soe., 61, 2588 (1939 
Gabriel, S.. Z. physiol. Chem... 18, 257 (1804 
Logan, Mi. A.. J. Biol. Chem.. 110, dio (1985). 
IS. Bowes, J. and Murray, M. Ni... Biochem. 29, (1935). 
Koss, W. and Ginn, J. T.. 7. Dent. Research, 20, 465 (1941). 
20. Manery, J. F.. and Bale, W. F., Am. J. Physiol., 1382, 215 (1941). 


Lit 

in 

4 
Le 
ic 
4 
| 
n- | 

th | 

1d 
| 

d 

yt 

{) 

1] 


| 
| 
| 


INHIBITION OF SPERM RESPIRATION AND REVERSIBILITY 
OF THE EFFECTS OF METABOLIC INHIBITORS* 
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During the course of an investigation of the effect of certain metabolic 
inhibitors on the fertilizing ability of spermatozoa it became necessary to 
know whether or not the effects of the inhibitors were reversible. The 
studies reported herein were undertaken to gain this information. 

In earher studies (1-3) of the reversibility of inhibition certain agents 
were added to counteract the effect of the inhibitor. Only a few inhibitor 
substances can be thus counteracted. A more widely applicable procedure 
is to study the metabolism of tissue slices (4), resting cells, or bret.(5) in a 
medium containing an inhibitor. After a period of time the tissue is re- 
moved and the metabolism studied in a fresh medium. Reversibility of 
inhibition of sperm metabolism may be studied by the latter method, since 
the spermatozoa are easily centrifuged from the medium containing the 
inhibitor and can be resuspended in fresh media for experimentation. 


Methods 


The methods used for collection of bull semen, preparation of sperm 
suspensions, manometric measurements, and expression of results have 
been described elsewhere (6). Caleitum-free Ringer-phosphate solution 
(7) at pH! 7.0 was used as the suspension medium for the present studies. 
Motility observations were made and recorded as previously deseribed (8). 
The inhibitors used were the purest commercial preparations available. 
When only relatively pure products could be obtained, they were further 
purified by reervstallization in the laboratory. When inhibition of respira- 
tion was studied, solutions (pH 7.0) of the various inhibitors were added to 
the Warburg flasks and the spermatozoa were therefore in contact with the 
inhibitor during the 10 minute equilibration period as well as during the 
manometric measurements. 

In the experiments on reversibility sufficient inhibitor solution was 
added to an aliquot of the sperm suspension to give the same concentration 
of inhibitor as that finally emploved in the Warburg flask. After mixing, 

* Published with the approval of the Director of the Wisconsin Agricultural 


Experiment Station. Supported in part by a grant from the Wisconsin Alumni 
Research Foundation. 
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the sperm suspension was held at room temperature for a given period. 
The control sample without inhibitor was likewise stored for an equivalent 
period so that the effect of “age” (9%) would not be a disturbing factor. 
Both suspensions were then centrifuged and the spermatozoa separately 
suspended in fresh Ringer-phosphate solution for manometric measure- 
ment. Respiration of the treated sample was studied in Ringer-phosphate 
solution in the presence and absence of the inhibitor. This permitted 
studving the extent to which a given compound would inhibit respiration 
and the reversibility of the inhibitory effect. Aliquots and dilutions were 
earefully measured to keep the same sperm concentration in each flask. 
During the period of inhibitor treatment the density of the sperm suspen- 
sion and concentration of the inhibitor were the same as those finally used 
in the Warburg flasks. 

When glucose was added, the final concentration was 0.02 w. 

The inhibitors tested were selected because thev had been previously 
shown to inhibit certain enzvmatic reactions and we wished to determine 
the relation of enzymatic reactions to sperm motility and fertility. 


Pesults 


The effect of various inhibitors on the respiration ot ejaculated bull 
spermatozoa is shown in Table |.) The reversibility of these effects is 
shown in Table II. In order to conserve space data for only one level of 
each inhibitor are presented, except when various levels gave qualitatively 
different responses in regard to metabolism or fertility.’ 

Malonate—-Vhis substance is known to inhibit succinic dehvdrogenase 
by competing with the substrate suecinie acid for the active groups on the 
enzyme and its action is considered to be reversible. These studies show 
an inhibiting effect on the respiration ot spermatozoa and it too is com- 
pletely reversible. The effect of malonate on motility depends on the 
presence or absence of glucose, as will be shown below. 

Benzoate— Since Jowett and Quastel (10) found that benzoate inhibited 
fatty acid oxidation, it was of interest to try the effect of benzoate on sper- 
matozoa, as the endogenous source of energy is probably lipid oxidation 
(11,12). When benzoate was in contact with the spermatozoa only during 
the equilibration period, inhibition of the endogenous respiration was 
greater than the inhibition in the presence of glucose. “That the inhibition 
was completely reversible is shown by the data in ‘Vable TT. 

Hydroxryquinoline Sulfate-- This substance is of interest because of its 
use in certain contraceptive agents. At O.OOL wit) definitely inhibited 


' Fertility studies have been made in cooperation with Dro LL. Casidsa and Mr 
tobert Murphree and will be published clsewhere, 
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respiration but did not adversely affect motility. The inhibition of respira- 
tion was largelv reversible. 


TABLE | 
Effect of Inhibitors on Respiration of Bull Spermatozoa 


(c-mm. per 108 sperm cells per hr. 


Dee Control | Plus inhibitor 
{ oncen 
Inhibitor of | 
sperm* Endogenous | Glucose | Endogenous Glucose® 
Ist 2nd ist | 2nd ist , 2nd | ist | 2nd 
hr. hr. | he. | he. | he. | he. | hr. hr 
Ars. 
Malonate 0.01 1.0 17.3) 10.0 10.8 6.7 4.4, 1.5) 4.6 
Benzoate 0.0) 1.5 15.1) 10.4; 11.4) 6.4) 8.3 | 5.8) 9.0) 5.9 
Hydroxyquinoline SO, 0.001 2.0 | 14.3) 2.5 
Fluoride 0.01 | 14.2 9.7 O.7 2.0 
Arsenite 0.02 1.5 | 25.3) 17.9| 20.8 13.7| 1.7 | 1.0 
Maleate 0.001 1.5 15.1) 10.4) 11.44 6.4,12.9 | 5.1) 10.4) 3.1 
0.0033 4.41 4.4 
0.01 0.0 | 0.0 
0.0] 3.5 | 17.0: 12.0; 11.9 2.8 0.0 
Indole 0.01 2.0: 17.5 8.7) 18.0 §.1'0.0| 9.5 1.6 
Cyanide 0.001t 1.0 19.2 5.0 2.1¢ 11.8 
0.001 1.0; 18.2) 11.6] 14.3 00 0.0 OO 
Azide 0. OO] 1.O 18.2) 11.6 14.3 
lodoacetate 0 OOOOS 120.0 > O 8.6 
Hydroquinone 0.00005 2.0 138.7 14.0 13.1 11.518.0 115.8 16.2 13.4 
0.00025 1.0 10.9 0.0 1.3 
Quinone OOO25 1.0 11.4 10.9 0.0 0.0 
p-Phenyvlenediamine 0.00005 2.0 13.7 14.0 13.1) 11.521.4 17.3, 20.915.7 
di-Glyeeraldehyvde 0 O28 2.0' 17.5 8.¢ 13.0 I3.¢ 6.2) 8.4, 5.6 


* Time between collection of semen and placing Warburg flasks in 37° bath. 

KCN in center cup. 

Zo, calculated from the uptake of the first 20 minutes. 

§ The solution was t dav old, kept in the refrigerator, and probably largely in 
the dimeric form 

The solution was 5 months old, kept in the refrigerator, and probably largely 

in the monomeric form 

© The readings in these two columns are negative 


Fluoride Lohmann and Meverhot (13) have shown the reversible 
Inhibition of fermentation by fluoride to be caused by the inhibition of the 
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enolase which converts phosphoglycerate to phosphopyruvate. Although 
this enzyme is the most sensitive to fluoride, a wide variety of enzymes is 
affected. In these studies fluoride reversibly inhibited respiration and 
motility of bovine spermatozoa. 

Arsenite and Selenite—It has been shown that selenite probably inhibits 
by combining with sulfhydryl groups of enzymes (14, 15). Both arsenite 
and selenite irreversibly inhibited sperm respiration. They had been 
previously shown to inhibit motility (8). O.OL Mm arsenite irreversibly 
inhibited the endogenous respiration 53 per cent. Selenite at 0.002 mM 
had no effect on respiration in the presence of glucose and inhibited endog- 
enous respiration 31 per cent. At this lower concentration the inhibition 
by selenite was reversible. 

Maleate—This substance also combines with sulfhydryl groups. The 
effect of maleate on respiration, motility, and fertility’ of spermatozoa 
varied greatly with the concentration of inhibitor employed. 0.01 M 
maleate inhibited 90 per cent of the endogenous respiration and completely 
and irreversibly inhibited motility. When glucose was supplied, respira- 
tion Was irreversibly inhibited but the inhibition of motility was reversible. 
With lower concentrations of maleate motility was more readily regained. 

Indole— Stotz and Hutchinson (16) have reported that indole inhibits 
brain respiration but does not inhibit its power to oxidize lactate or py- 
ruvate. Indole irreversibly inhibited sperm respiration both in the pres- 
ence und absence of glucose. Inhibition of respiration was proportional 
to the length of time the sperm was in contact with the inhibitor. The 
lowest concentration of indole tried (0.005 M) completely and irreversibly 
inhibited motility. 

Cyanide and Azide Ivanov (17) found evanide to inhibit respiration 
but not motility of dog spermatozoa. ‘The respiratory enzyme most readily 
affected by cyanide is eytochrome oxidase. Zittle and Zitin (18) have 
demonstrated the presence of this enzyme in bull spermatozoa. In the 
present work both azide and evanide inhibited respiration. The effect of 
evanide was almost completely reversible, while that of azide was only 
partiilly reversible. An unusual observation was that azide was more 
harmful to sperm motilitv in the presence of glucose than in its absence. 
The effeet of evanide on motility will be deseribed below. 

In the direct measurement of oxygen uptake in the presence of evanide 
it is necessary to add KCN to the KOH mixture in the center well to pre- 
vent the distillation ot evanide from the media into the KOH. The 
KON-KOT mixtures used were those recommended by Krebs (19). When 
only IMO was present in the center cup, respiration was inhibited at first 
(Table 1) but the rate of respiration increased until at the end of an hour 
the rate exceeded that of the control. This, together with the data in 
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Table II, indicates the complete reversibility of the effect of cvanide on 
sperm respiration. 

Chloretone—This narcotic inhibits brain respiration and according to 
Michaelis and Quastel ‘‘affects largely either a special flavoprotein or some 
component of the tissue respiratory svstem which plavs an intermediate 
role between flavoprotein and cytochrome oxidase”’ (20).2 A concentration 
of 0.0028 m slightly inhibited respiration, while lower concentrations ap- 
parently stimulated oxvgen consumption. No appreciable effect on mo- 
tility was observed. 

Todoacetate—The etfect of this substance on glvcolvsis and motility was 
previously studied (8). Barron and Goldinger (21) have recently reported 
that iodoacetate and malonate greatly increase the respiration of sea urchin 
spermatozoa. With mammalian spermatozoa low concentrations of 10do- 
acetate stimulate oxvgen consumption, while somewhat higher concen- 
trations first stimulate and then decrease the respiration (Table I), and 
still higher concentrations show only inhibition. In experiments with 
rabbit spermatozoa similar results were obtained but a much lower con- 
centration of lodoacetate was necessary to obtain the stimulating effect. 

When the data are plotted graphically, the curves showing the effects of 
various levels of iodoacetate on sperm respiration are strikingly similar to 
those obtained by Henle and Zittle (22) who studied the effects of various 
levels of gramicidin on bovine epididvmal spermatozoa. ‘This may offer 
an indication of the mechanism by which this bactericidal agent is effective. 

lodoacetate inhibits sulfhvdryl enzymes in general and is especially toxie 
to the phosphoglvceraldehyde dehydrogenase. The latter enzyme is of 
prime importance in the anaerobic phases of carbohydrate metabolism. — It 
is probable that the increased oxvgen consumption in the presence of the 
lower concentrations of 1odoacetate is brought about by an inhibition of 
glvcolvsis (8) which in turn causes the sperm to depend on oxidative proe- 
esses for a greater portion of its energy (11). The inhibition by 10do- 
acetate of sperm respiration was irreversible and the inhibition of motility 
was only slightly reversible. 

Hydroquinone, Quinone, and p-Phenylenediamine The ettect of these 
substances on sulfhvdryl-contaiming enzvmes has been studied by Potter 
and DuBois. The levels of these compounds effective in inhibiting the 
succinoxidase svstem*® did not inhibit the respiration of spermatozoa but 
higher levels did cause inhibition. One inexplicable observation is that the 
inhibition of sperm respiration by 0.00025 mM hydroquinone is reversible, 

2 In a study of the physiological effects of chloretone as they relate to ascorbie 
acid svnthesis we found (Lardy and Phillips, unpublished data) that chloretone does 
not inhibit the flavoprotein d-amino acid oxidase of rat kidney or liver 

Potter, V. R., and DuBois, k. unpublished data. 
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while inhibition by quinone is irreversible (Table I1). According to 
Potter (23) the inhibition by hydroquinone is contingent on its oxidation 
to quinone. In our experiments hydroquinone depvessed respiration 
almost as much as did quinone; vet the effeet of hydroquinone was com- 
pletely reversible, while that of quinone was irreversible. Quinone 
completely and irreversibly inhibited motility. Hydroquinone also in- 
hibited motilitv but the effect was reversible and was lessened by glucose 
in some specimens. 

In one case treatment with p-phenvlenediamine resulted in a tremendous 
increase In endogenous respiration. The spermatozoa used in this expert- 
ment were froma bull which frequently produced specimens having meta- 
holic characteristics similar to epididymal spermatozoa, as described by 
Henle and Zittle (24); 7.e., a low endogenous respiration which is greatly 
increased in the presence of glucose. ‘Treatment of the spermatozoa for 
30 minutes with 0.00025 mM p-phenvlenediamine brought the endogenous 
respiration to a level characteristic of normal ejaculated spermatozoa 
(Table I]).  Atter treatment the respiration in the presence of glucose was 
less than the endogenous, likewise a characteristic of ejaculated sperma- 
tozoa. No stimulation was observed when the p-phenylenediamine was 
left in contact with the spermatozoa. Further, the same concentration of 
p-phenvlenediamine had no effect on respiration of normal ejaculated 
spermatozoa (Table II). Lower concentrations of both p-phenylene- 
diamine and hydroquinone stimulated respiration (Table I). No effeet 
on motility was observed at these levels of p-phenvlenediamine. It is 
possible that differences in metabolism between epididymal and ejaculated 
spermatozoa may be the result of such an activation of the oxidative system 
during maturation or bv accessory fluids of the genital tract. 

dl-Glyceraldchyde It is well known that glyceraldehyde inhibits glucose 
breakdown to lactic acid. Where tissue respiration depends on oxidation 
of glucose breakdown products it is likely that glyceraldehyde would also 
inhibit respiration. In the sperm, inhibition of both endogenous respira- 
tion and respiration in the presence of glucose occurred.  Motilitv was 
likewise inhibited and the effects on both respiration and motility were 
irreversible. 

The degree of inhibition produced by an old solution of glyceraldehyde 
Was much greater than that of a fresh solution. This indicates that in 
spermatozoa as well as in other glucolyzing tissues it is the monomeric form 
of glyceraldehyde that causes the inhibition. 

Effect of Substrates on Inhibition of Motihty —-\lt was observed that the 
effeet of certain inhibitors on sperm motility depended on the presence or 
absence of glucose in the suspension medium. ‘The inhibitors in question 
were those known to affect the oxidative rather than the glycolytic proe- 
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esses. Table III shows the relation of glucose to the effeet of the in- 
hibitors. Malonate, evanide, and benzoate, which were shown in Table | 
to inhibit respiration, also inhibit motility in the absence of glucose, 
When energy was available to the sperm through the process of glycolysis 
(glucose present), these inhibitors were almost without effect on motility, 
That these substances do not inhibit glycolysis is shown in the following 
paper (25). This is further evidence of the independent ability of two 
separate metabolic processes, 7.c. oxidative and glveolvtie (12), to support 
motility. 

Fumarate, which itself is not toxic to spermatozoa, failed to revive the 
motility of spermatozoa in the presence of malonate. This would seem to 
indicate that the inhibition by malonate was not limited to its blocking the 
citric acid evele, since fumarate relieves this tvpe of inhibition. The 


Tasie IT] 
Relation of Glucose to Effect of Certain Inhibitors on Sperm Motility 


The semen was diluted with an equal volume of Ringer-phosphate solution, 
centrifuged, and the spermatozoa suspended in sufficient Ringer-phosphate solution 
to give 3 times the original volume of the semen; incubated at 30°, 


Motility alter 


Sperm suspension plus 


1.5 hrs 2.7 hrs +.5 hrs 
None. 5+ 4-4 
Glucose, 0.02 M 5+ 44 
0.001 mM cyanide. . + () 
Cyanide + glucose 5-4 0) 
0.01 Mm malonate. . 0) 
Malonate + glucose 5-4 34 Few motile 
0.02 m benzoate. ats 44 }+ () 
Benzoate + glucose 4+ 0) 


possibility that fumarate does not penetrate the sperm has not been 
eliminated. 
Both Cu** and Co** were detrimental to sperm motility at levels which 
did not inhibit respiration. 
SUMMARY 


The reversibility of the effects of several metabolic inhibitors on sperm 
respiration and motility was studied and the following results obtained. 

1. Malonate, benzoate, fluoride, and hydroquinone inhibited the respira- 
tion and motility of ejaculated bull spermatozoa. The inhibition ot both 
respiration and motility was largely reversible. Hydroxyvquinoline sulfate 
reversibly inhibited oxvgen consumption, but had no effect on motility at 


the concentrations studied. 
2. Indole, maleate, selenite, arsenite, d/-glyceraldehyde, and quinone 
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inhibited both respiration and motility. The effects were irreversible 
except that inhibition of motility by maleate was reversible in the presence 
of glucose. 

3. Cyanide and azide inhibited sperm respiration, indicating the im- 
portance of the cytochrome system in the respiration of these cells. The 
inhibition by cvanide was completely reversible, that by azide only par- 
tially reversible. | Azide depressed motility and the effeet was more marked 
in the presence ot glucose. ’ 

4. Malonate, eyanide, and benzoate inhibited motility in the absence of 
glucose but were relatively non-toxic In the presence of glucose. This is 
taken as further evidence for the ability of two separate metabolic processes, 
i.e. oxidative and glycolytic, to furnish energy for motility of bull sperma- 
tozoa. 

5. Exposure of a specimen of bull spermatozoa, with a characteristic low 
endogenous respiration, to 0.00025 mM p-phenylenediamine for 30 minutes 
increased the endogenous respiration 6-fold. This phenomenon may be 
related to differences in metabolism between epididymal and ejaculated 
spermatozoa. 
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INHIBITION OF SPERM GLYCOLYSIS AND REVERSIBILITY 
OF THE EFFECTS OF METABOLIC INHIBITORS* 
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In continuing the work on reversibility of inhibitors it was of importance 
to study inhibition and reversibility of glycolvsis, since the latter process 
has been shown to be the preferential source of energy for sperm motility (1). 

The methods emploved were the same as in the preceding paper (2). 
Lactic acid was determined by the method of Barker and Summerson (3). 
The lactic acid content of an aliquot of the suspension of washed sperma- 
tozoa at zero time Was subtracted from that present in the various flasks at 
the end of the experimental period to obtain the amount of laectie acid pro- 
duced. Lactic acid production was expressed as the equivalent of COs it 
would displace from. a bicarbonate buffer (4.02 y of lactic acid = 1 ¢.mm. 
of COz), as described previously (4). 3 

Reversibility of inhibition was studied as previously deseribed (2). An 
aliquot of the sperm suspension was treated with the inhibitor and held at 
room temperature for a given period of time. A second or control aliquot 
without added inhibitor was likewise held. The specimens were then 
centrifuged and the spermatozoa were suspended in fresh media. The 
lactic acid production by aliquots of these suspensions was then studied to 
determine (1) the effeet of the inhibitor substance on glycolysis, (2) the 
reversibility of the effeet, and (3) the effect of the inhibitor after prolonged 
contact with the spermatozoa. Glucose in a final concentration of 0.02 m 


was used as the substrate in all experiments. 


Results 

The effect of various inhibitors on glycolysis of washed bull spermatozoa 
and the reversibility of these effects are shown in Table I. 

Malonate and benzoate were almost completely without effect on sperm 
glvcolvsis. The very slight inhibition of lactic acid production in their 
presence was completely reversed when the spermatozoa were freed from 
the inhibitor by centrifuging and suspended in fresh Ringer-phosphate 
solution. ‘The lack of effect on glycolysis is in agreement with the observa- 

* Published with the approval of the Director of the Wisconsin Agricultural 


Experiment Station. Supported in part by a grant from the Wisconsin Alumni 


Research Foundation. 
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tion that these substances do not appreciably inhibit motility of sperma- 
tozoa in the presence of glucose (2). 

Cyanide likewise did not inhibit glycolysis and, as shown in the preceding 
paper, it does not inhibit motility in the presence of glucose. The tre- 
mendous stimulation (90 per cent) of glycolysis in the presence of cyanide 
was completely reversible. 

Azide, a respiratory inhibitor which has been considered to be similar in 
action to cyanide, greatly inhibited glycolysis. The effect was almost 
entirely reversible. 


TABLE I 
Effect of Inhibitors on Glycolysis of Ejaculated Bovine Spermatozoa 


rat 
Z it 


L 
Control in flask in flask 
— M min. 
Malonate 0.01 39 17.9 16.7 17.9 
Benzoate... 0.01 45 21.5 18.2 23.0 17.7 
Cyanide 0.001 45 20.8 39.8 21.7 40.7 
Azide 0.001 40) 20.8 6.8 18.2 5.7 
Maleate 0.005 50 21.5 29 .2 39.5 28.2 
Iodoacetate 0.0001 40 21 .& 1.8 3.8 7 
Quinone 0. 00025 35 ee 0.0 11.1 0.4 
Hydroquinone : 0.00025 35 11.2 17.7 15.2 20.8 
dl-Glyceraldehyde. ... 0.02 30 17.0 8.5 0.0 3.9 
Fluoride 0.0] 39 17.9 0.0 13.1 0.0 
es + high Mg*** 0.01 39 20.4 0.0 10.0 0.0 
*Mgt* = 0.0063 mM; normal Ringer-phosphate solution contains 0.0012 


The effect of maleate was unique in that it stimulated sperm glycolysis 
and the stimulation was increased by transfer of the sperm to a fresh 
medium. In these glycolysis experiments (in which glucose was present) 
the inhibition of sperm motility by maleate was largely reversible. In the 
presence of maleate and glucose an energy-vielding process was functioning 
but apparently the inhibitor prevented utilization of the energy or pre- 
vented coupling the glycolytic process with motility. To check these 
possibilities phosphate partition studies were made. It was found that in 
spermatozoa stored in 0.01 M maleate the adenosine triphosphate content 
remained at the original level, while it decreased during storage in the con- 
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trol samples. Apparently maleate inactivates spermatozoa by preventing 
the utilization of the phosphate energy store. 

lodoacetate at a concentration of 0.0001 mM inhibited sperm glycolysis 92 
per cent and the inhibition was almost completely irreversible. In a more 
detailed study of the effect of iodoacetate on bull spermatozoa it was found 
that higher concentrations of iodoacetate completely inhibited lactie acid 
production (5). 

Inhibition of glycolysis by 0.00025 mM quinone was complete and _ re- 
versible. ‘The reversibility of its effect on glycolysis is in sharp contrast to 
its effect on motility and respiration. Hydroquinone stimulated glycolysis, 
an effect which persisted even after transfer of the spermatozoa to fresh 
media. 

di-Glyceraldehyde— Inhibition of tumor glycolysis by dl-glyceraldehyde 
was discovered by Mendel (6). Extensive studies at Cambridge and in 


TABLE II 
Liffect of Pyruvate on Fluoride Inhibition of Sperm Glycolysis 


Sperm suspension in Ringer-phosphate-glucose plus a — at 

None | 93 6 4+ 

0.02 mM pyruvate per ml. 97.4 4+ 

0.02 ‘* pyruvate + 0.01 mm fluoride per ml. 23.0 0 


* Correeted for lactic acid content of each respective sample at zero time. Dif- 
ferent zero time values were obtained, depending on the presence or absence of 
pyruvate (3). 


other laboratories have shown that it is glucose breakdown which is in- 
hibited by monomeric glyceraldehyde, while lactic acid formation from 
glvcogen is not affected. The exact mechanism of the inhibition is not 
known but apparently glyceraldehyde prevents the phosphorylation of 
glucose by hexokinase (7). 

Monomeric glyceraldehyde inhibited lactic acid production from glueose 
‘Table I) and the inhibition was completely irreversible. 

Fluoride — Inhibition of sperm glycolysis by 0.01 mM fluoride was complete 
and in ordinary Ringer-phosphate solution was largely reversible.  Ae- 
cording to recent work by Warburg and Christian (8) fluoride inhibits 
enolase through the formation of a fluoride-magnesium-phosphate complex 
which combines with the enzyme. In agreement with this is the observa- 
tion that increasing the Mg** content of the medium decreased the re- 
versibility of the fluoride inhibition (Table I). 

Further studies on the reversibility of motility following fluoride treat- 
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ment were made. It was found that motility could be revived after 
storage for 3 to 1 hour at 37° in the presence of 0.01 mM fluoride but after 1} 
hours storage no motility was observed when the spermatozoa were trans- 
ferred to new Ringer-phosphate solution. When bull spermatozoa were 
stored in volk-buffer (9) at 10°, they could be almost completely inae- 
tivated by fluoride for periods up to 176 hours and following transfer to 
fresh, fluoride-free, volk-buffer vigorous motility was resumed. Not all 
specimens could be revived after prolonged inhibition. 

Fluoride inhibition of glycolysis was relieved by the addition of pyruvate, 
as shown in Table II. However, pyruvate was ineffective restoring 
motility after fluoride inhibition. 

DISCUSSION 

The study of the inhibition of various phases of sperm metabolism has 
vielded several interesting observations. The effect of some inhibitors 
(malonate and benzoate) on motility could be explained completely by 
their inhibition of respiration. These substances inhibited motility only 
when oxidation of endogenous substrates was the sole source of energy for 
motility. When glucose was supplied, motility was not inhibited by 
malonate, benzoate, or evanide and these substances were shown not to 
inhibit glycolysis. Maleate and hydroquinone at the levels emploved 
apparently inhibited sperm motility by some mechanism other than specific 
inhibition of respiration. Both of these substances inhibited respiration 
and motility but stimulated glycolysis. Some evidence was obtained that 
maleate prevented utilization of phosphate energy stores. If this were the 
only action of maleate, one would expect a decrease in rate of glycolvsis as 
a result of a lack of phosphate acceptors. 

The stimulation of glycolysis which occurs when oxidation is inhibited by 
eyanide and maleate might be explained on the basis of the Pasteur effect. 
Cyanide inhibition of sperm respiration was reversible, as was its stimu- 
lating effect on glycolysis. Maleate inhibition of sperm respiration was 
irreversible and the stimulation of glycolysis by maleate persisted even 
after the spermatozoa were removed from the inhibitor and placed in fresh 
media. However, some specimens of normal ejaculated bull spermatozoa 
do not produce appreciably more lactic acid under anaerobic conditions 
than they do in air (5).' Furthermore, malonate and benzoate inhibited 
respiration but did not influence glycolvsis. If the effect of evanide and 
maleate is a result of the Pasteur effect, these inhibitors must release a 
mechanism not active in ejaculated spermatozoa under ordinary conditions. 

With regard to the action of fluoride the metabolism of spermatozoa 
resembles that of kidney extract more closely than that of veast. In veast 
the oxidation of phosphoglyceraldehyvde to phosphoglyceric acid is coupled 


' Lardy, H. A., and Phillips, P. H., unpublished data, 
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with phosphorylation (1 ,3-diphosphoglyceric acid is the intermediate con- 
taining 2 high energy phosphate bond). Colowick ef al. (10) were unable 
to demonstrate phosphorylation of glucose by kidney extract during the 
breakdown of hexose diphosphate in the presence of pyruvate and fluoride. 
In our experiments on pyruvate reversal of fluoride inhibition, lactie acid 
was produced, indicating that pyruvate was reduced during oxidation of 
phosphoglyceraldehyde; vet this oxidation did not furnish energy for 
motility. It is possible that the energy of this oxidation in spermatozoa 
is coupled with phosphorylation and that fluoride inhibits motility by some 
non-specific effect. 


SUMMARY 


The etfects of several metabolic inhibitors on glvcolysis of ejaculated 
bovine spermatozoa were studied with the following results. 

1. Malonate and benzoate at concentrations of 0.01 m did not appre- 
ciably inhibit sperm glycolysis. 

2. (yvanide, maleate, and hydroquinone stimulated glycolvsis. The 
effect of evanide was reversible, as was its effect on respiration, while the 
stimulating effect of maleate and hydroquinone on sperm glycolysis was 
not reversible. 

3. Quimone at 0.00025 mM completely inhibited lactic acid production. 
This effect was completely reversible and in contrast to its irreversible in- 
hibition of respiration and motility. 

4. Fluoride (0.01 mM) completely and reversibly inhibited glycolysis. 
Increasing the Mg** content of the suspension medium decreased the 
reversibility of fluoride inhibition. Pyruvate reversed fluoride inhibition 
of glvcolvsis but was ineffective in relieving fluoride inhibition of motility. 
In volk-butfer some specimens of bull spermatozoa could be almost com- 
pletely inactivated by fluoride for several days and upon transfer to fresh 
volk-butter vigorous motilitv was regained. 

5. Inhibition by azide of sperm glycolysis was almost completely re- 
versible. Inhibitions by iodoacetate and d/-glyceraldehvde were trre- 
versible. 
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DETECTION OF NITROGEN FINATION WITH TSOTOPLIC 
NTPROGEN* 
By R. H. BURRIS, F. J. EPPLING, H. B. WAHLIN, ann P. W. WILSON 


(From the Departments of Agricultural Bacteriology and Physics, University of 
Wisconsin, Madison) 


(Received for publieation, March 5, 1943) 


Although a wide variety of biological agents has been credited with the 
ability to fix molecular nitrogen, definite fixation has been established 
only for Azotobacter, Clostridium pasteurtanum, certain blue-green algae, 
and f/izobium sp. in association with leguminous plants. Among other 
agents tor which nitrogen fixation is claimed are germinating pea seeds 
(1), willow cuttings (2), non-leguminous plants (3), fungi (4), Actinomyces 
(5), veasts (6), sterile soil (7), wheat rust (8), free living Rhizobium (9), 
excised root nodules with added oxalacetic acid (10), and cell-free prepara- 
tions of Azotobacter (11). The data in support, however, are seldom con- 
vincing, and in a number of cases attempts by other workers to confirm 
the observations have tailed (12-14). 

Positive claims of nitrogen fixation have generally been based upon 
analyses for total nitrogen by the Kjeldahl method, a method which is 
not alwavs reliable when used to detect small increases in the nitrogen 
content of materials initially high in nitrogen (12, 15). As the use of 
isotopic nitrogen to establish nitrogen fixation is not subject to the limita- 
tions of the Ijeldahl method (16-18), it has been applied for tests of a 
number of biological agents alleged to fix molecular nitrogen. The results 
with barlev and the root nodule organisms associated with and in the ab- 
sence of Jeguminous plants have been reported in previous publications 
(17, 18). 


Methods 


All experiments except those with excised nodules and nodulated roots 
were conducted aseptically. Fig. 1 shows the apparatus used in most tests. 
The culture vessels of 20 and 125 ml. (illustrated) capacity are similar to 
Warburg flasks but are provided with indents in a straight neck designed 
so us to retain a cotton plug. These vessels are equipped with inter- 
connecting side arms which can be used singly or in pairs; the side arms 
can be rotated to pour solutions from one side arm to the other or from the 
side arms to the main vessel. They are replaced with solid 14/20 standard 


* This work was aided by grants from the Rockefeller Foundation and from the 
Wisconsin Alumni Research Foundation. 
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taper plugs when delaved addition of solutions is unnecessary. “The culture 
vessels are attached by 24/40 standard taper joints to a six place manifold 
(a three place manifold is attached in parallel to the manifold illustrated), 
A gas sampler containing | ml. of KOH solution (60 per cent) and ap- 
proximately 150 mg. of dry pyrogallol in separate sacs is attached to the 
top of the manifold. The reservoir of gas to be added is connected at 
Stop-cock A, and the entire system, exclusive of the 2 liter bulb, is evacu- 
ated through Stop-cock B with a Hyvae pump. Gases are added through 
Stop-cock A to the proper level, as indicated by the mercury manometer, 
The manometer is connected to the manifold through a dry ice treezing 
trap, Which prevents mercury vapor from entering the culture vessels. 
After gases are added, the gas sampler is removed, and the WKtOH and 
pvrogallol mixed to absorb Oo; the Ne remaining is analyzed to determine 
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Fic. 1. Apparatus for testing nitrogen fixation by biological agents 


the concentration of N™ supplied in a particular experiment. ‘The 2 liter 
bulb, previously filled with oxvgen to the final pressure anticipated for the 
main system, is then opened to the manifold. Carbon dioxide produced in 
the culture vessels is absorbed by 60 per cent KOH solution in the center 
wells; hence as Os» is respired, it is replaced by O» from the 2 liter reservo1. 
The 20 em. section of capillary tubing (1 mm. bore), connecting the oxvgen 
reservoir to the manifold, limits back diffusion of gases into the reservoir. 
The culture vessels are immersed in a water bath maintained at the desired 


constant temperature. After incubation the cultures are harvested and 
digested in 100 ml. Kjeldahl flasks, with copper selenite and potassium 
permanganate for catalysts. The ammonia in the digest is distilled into 
dilute sulfuric acid and the ammonium sulfate nitrogen converted to 
molecular nitrogen with alkaline hypobromite, as described by Ritten- 
berg et al. (19). 
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The precision of the mass spectrometers employed, Bleakney (20) and 
Nier (21) type instruments, is about 0.02 atom per cent N'®. Although 
the over-all accuracy of the various manipulations is somewhat. less,' 
a fixation of N» containing 34 atom per cent excess N' should be detected 
even with a LOOO-fold dilution of the fixed nitrogen by normal nitrogen 
already present in the biological agent. 

Molecular nitrogen is conveniently prepared trom ammonium salts by 
freeing ammonia with alkali and circulating the ammonia gas over hot 
copper oxide (dull red heat) by means of a Toepler pump. Care must be 
exercised in the preparation of the nitrogen gas to rid it of all traces of 
ammonia and oxides of nitrogen. By adding oxygen to the nitrogen any 
nitric oxide present will form higher oxides which can be readily frozen 
out ina liquid air trap. “Vo displace the gas into culture vessels 20 per cent 
sodium sulfate in 5 per cent sulfuric acid serves as a suitable confining 
liquid. After some of this solution is admitted into the gas storage bulb, 
shaking will remove any trace of ammonia that has escaped the freez- 
ing trap. 


Tests on Biological Agents Known to bia Free Nitrogen 


The reliability of the isotopic method for detection of nitrogen fixation 
was readily demonstrated in trials with organisms whose ability to fix 
elemental nitrogen is well established. Typical results with these agents 
are given. 

Azotobacter — Azotobacter vinelandii, grown for 33 hours at 30° in Burk’s 
(22) nitrogen-free medium in an atmosphere containing 28.0 atom per cent 
N® excess nitrogen gas, fixed the isotope rapidly. The final concentration 
of N® in the cells was 27.14 atom per cent excess. 

Algae—-A pure culture of the blue-green alga Nostoe muscorum, kindly 
furnished by Dr. Ff. Ee. Allison, was grown for 8 davs in Allison’s 0.5 per 

1A Nier (21 
the University, has been used for most determinations. 
file in the University Library, Eppling describes the construction and operation of 
An estimate of the over-all accuracy of the various pro- 


type mass spectrometer, constructed in the physics department of 
In his thesis, which is on 


the instrument in detail. 
cedures emploved was obtained by statistical treatment of the data from the air 
controls. According to Rittenberg ef al. (19) the N™ content of such material should 
be 0.368 atom per cent. Pooling the air controls from all experiments and thus 
securing « population from diverse biological materials, we secured forty-two sepa- 
rate estimates of the normal N'® content of such materials. ‘The mean value was 
0.364 atom per cent; the standard deviation of the population was 0.0098 atom per 
cent. 
least 0.04 to 0.05 atom per cent before fixation is indicated. 


These values suggest that a single sample should exceed the air control by at 
The means of duplicate 
samples should differ by 0.03 atom per cent for significance. Similarly, if negative 


deviations equal to or exceeding these values are obtained, the various methods 


should be examined for sources of error. 
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cent sucrose medium for algae (23) at a temperature of 28 in an atmosphere 
containing: 28.0 atom per cent exeess nitrogen pas. these con- 
ditions 7.64 atom per cent excess of N'° aceumulated in the cells. 
Clostridium pasteurranum-— Clostridium pasteurianum, Strain oS of the 
Wisconsin collection (24), was grown trom a spore stock through one trans- 
fer in a liver-sucrose medium. A 1 per cent inoculum was transferred to 
Burk’s (22) nitrogen-free sucrose medium to which 1 per cent of calcium 
carbonate was added. The culture flask was evacuated and 120 mm. of 
nitrogen gas of 34.0 atom per cent excess N' added. After incubation 
for 36 hours at 30° the culture was digested and analyzed. The presence 
of 4.665 atom per cent N'° excess in the cells demonstrated active nitrogen 


fixation. 


TABLE Il 


Test of Fixation hy (rerm rmating Peas 


\ bs e€xcess over air 


controls 


giom per ceni 


Canada field peas, 15-16°, 15 days, 15.0 atom % N* excess N, 


H.O.... 3 0.004 
0.375 MgsoO, O04 
1.00% caffeine —O.O19 
Surprise peas, 12-15°, 13 days, 34.0 atom % N® excess N:- 

—0 O05 
002 
0.15% strychnine nitrate O09 


Tests on Biological Agents Alleged to Pia Free Nitrogen 


Following these experiments, extensive tests were made on several 
biological agents whose ability to use free nitrogen has been claimed by 
one or more investigators but not confirmed by others. 

Germinating Peas—Canada field peas and Surprise peas, made bacteria- 
free with 70 per cent alcohol followed by caletum hypochlorite solution, 
were germinated in an atmosphere containing oxygen and N'-enriched 
nitrogen gas (unless otherwise noted 32 to 34 atom per cent N° excess gas 
was supplied in all experiments). Conditions which Vita (1) deseribed 
as favorable for nitrogen fixation, 7.c) a temperature of 10-15° and ger- 
mination in solutions of magnesium sulfate, caffeine, or strychnine, were 
emploved. The peas germinated well and formed shoots several em. long. 
The data in Table I show no increases in N™ exceeding the experimental 
error of the analysis. Data in Tables I to IV are reported as atom per cent 
N® excess over the N® content of air controls. 
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Free Living Rhizobitum—-Rhizobium trofeliz, Wisconsin Strain 205, was 
grown tor 3 days at 28° in Allison’s (25) medium containing biotin con- 
eentrate, 0.5 per cent sucrose, and 0.02 per cent ammonium chloride (Ex- 
periment 1, ‘Table Tl). The cells were removed from the medium by 
centrifugation, washed once, and resuspended in sterile Allison’s medium 
which was complete except for combined nitrogen. ‘The atmosphere con- 
taining N!® excess molecular nitrogen was added, and oxygen was supplied 
as needed. <Atter 10 days incubation the culture was digested and 
analyzed. In Experiment 2 three species of Ihizobtum were tested as 
described except that the cultures were grown for only 26 hours before 
being washed and placed under N* for 5 days at 28°. Extracts from tops 


Il 
Test of Fixation hy ree Li ing Rhizobtum 


Experi- N® excess 
ment Condition over air 
No. controls 

atom 

per cent 

l 23°, 10 days, 34.0) R. trifolit 205 0.010 
atom | 

CCSS N, 

28°, 5 days, 32.0 meliloti 100 0.006 

atom [% N'ex-  trifolii 205 0.001 

cess No  lequminosarum 302 | 0.016 

bs + pea root extract | 0.007 

3 | 21°, 2days, 25.0 | 302 0.001 

atom % N!5 $02 + adenosine triphos- | —().00) 
CXCESS phate | 

R. leguminosarum 302 4+ denodulated pea | 0.001 
roots 


and roots of the pea plant were added to Rhizobium leguminosarum, the 
specific organism for this legume. ‘The cells used in Experiment 3 were 
cultured as in Experiment 2. No increase in N°, beyond the experimental 
error, Was observed in any experiment. 

Cell-Free Pre parations from Azotobacter Azotobacter vinelandii was grown 
in liquid culture, and cell-free preparations were made as described by Lee, 
Burris, and Wilson (26). A preparation, which had been filtered through 
a Berkefeld N filter and which showed no growth when added to Burk’s 
(22) nitrogen-free medium, was supplied with 6.4 atom per cent N™ excess 
nitrogen gas and oxygen. After 9 hours incubation at 25° the material was 
digested and analyzed. As shown in Table IIT, Experiment 1, no evidence 
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of nitrogen fixation beyond the experimental error of the analysis was ob- 
tained. In Experiment 2, several substrates were supplied in an effort 
to induce fixation by the enzyme preparation. In each instance 10 mg. 
of substrate in | ml. of water were added from the side arm to 4 ml. of a 
cell-free preparation which had been made trom a 22 hour culture of .Azoto- 
bacter vinelandii. None of the compounds tested, either alone or a mixture, 
induced detectable fixation during the incubation period of 24 hours at 
25° in 20.0 atom per cent N™ excess No (Experiment 2, Table IIT). 

kacised Nodules—Nodules trom leguminous plants vigorously fixing 
nitrogen were removed, rinsed in cold water, immediately placed in flasks 
contaiming neutral sodium oxalacetate, sodium a-ketoglutarate, sodium 
succinate, plant sap, or water, and supplied an atmosphere containing 
oxygen and N?-enriched molecular nitrogen. After incubation, the entire 


TaBLe III 


Test of N® Fixation by Cell-Free Preparations of Azotobacter vinelandit 


Experi excess 
ment Conditions Substrate added over air 
No. controls 

aiom 
per cent 
] 25°, 9 hrs., 6.4 atom None 1) OO2 

N® excess 
25°, 24 hrs., 20.0 atom a-Wetoglutarate 0 
% N excess Cilucose —O OOF 
Llexose diphosphate 
Adenosine triphosphate —O OOF 
2 mg. each of above and 2 mg. oxalace- —0.008 
tate 


flask content was digested and the nitrogen converted to the molecular 
form for analysis. 

Examination of Vable IV shows that the results for fixation by excised 
nodules are erratic, and that the occasional occurrence of fixation cannot 
be associated definitely with the presence of a particular substrate. 
Whereas in one experiment succinate and a-ketoglutarate may appear to 
favor fixation, in another experiment oxalacetate may assume this role. 
Such inconsistency might arise from (a) fixation supported by some es- 
sential substrate derived from the host plant whose normal concentration 
in the nodules is low and variable, or from (b) fixation by non-symbiotiec 
nitrogen-fixing organisms appearing as contaminants. ‘The latter must 
certainly be considered as a possible explanation, for unlike the other tests, 
these experiments were not conducted aseptically. The crucial expert- 
ments on excised nodules will have to be performed on nodules grown and 
removed under bacteriologically controlled conditions. 
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Excised Nodulated Roots--Whereas evidence of fixation was obtained 
only occasionally with excised nodules, the excised nodulated roots, 7.c. 
entire root systems bearing their nodules, consistently fixed small but 
readily detected quantitites of N!® (Table IV). These results suggest that 
the root system contains some substance, probably formed in the tops, 
which is essential for fixation in the nodule and that enough remains in 


LV 
Test of N® Fixation by Excised Nodules and Nodulated Roots 
The values are expressed as atom per cent N' excess over air controls. 


| 


Experi- Nis Substrate added 
ment bation 
°C. hes alom alom alom alom alom 
per cent per cenl per cent per cent per cent 
Cow-pea nodules l 25 24 6.4 —0.021 —0.009 0 000 
2 24 24 32.0 0.026 —0.013 0.0LL —0.033 
Soy bean “ 6.4 —0.004 —0.013 | | 
24 24. 32.0 —0.032 0.490 —0.002 
Canada field pea 5* 28 26 6.4 0.001 —0.001 
nodules 6 12 70 34.0 0.057 : —0.003 0.113 
7 20) 5O 34.0 —0.014 —0.009 —0.015 
S 28 24 | 34.0 0.051 —0.031 0.002 
19 27 34.0 —O.034 —0.010 
2) 24 25.0 0.007 —O0.007 0.155 
1] 17 44 25.0 0.036 0.014 0.004. 
0.037 0.001 0.004 | 
Canada field pea 12 21 24 34.0 0.076 O.OL1 0.161 
nodulated roots 13 19 24 34.0 0. 266 0.429 0.184 | 
Cow-pea nodulated 14 24 24 32.0 0.412 | | 
roots | 
Soy bean nodu- 15 24 24 32.0 0.577 0.593 | 


lated roots 


* When pea top sap was supplied as substrate, the nodules contained 0.005 atom 


per cent N! excess. 
t Values of 0.026, 0.001, and 0.035 atom per cent N® excess were obtained with 
added adenosine triphosphate, added calcium hexose diphosphate, and with high 


oxygen tension (pO, 


= 0.80 atmosphere) 


respectively. 


the root system to support fixation fora short time after the roots and tops 


are separated. 


DISCUSSLON 


Azotobacter vinelandii, Nostoe muscorum, Clostridium pasteurianum, and 


inoculated clover plants (17) accumulate high levels of N'® when molecular 
nitrogen enriched with N® is supplied. 


Such results are to be expected, 
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for the nitrogen-fixing capacity of these organisms is well established, 
Among other biological agents tested, only excised nodulated roots have 
consistently given positive evidence of N® fixation. Less frequently 
excised nodules also fixed N®, but in both cases the possibility of asym- 
biotic nitrogen fixation was not excluded. Final decision must await 
tests made under more rigidly controlled conditions. Peas of two varieties, 
germinated under conditions described by Vita (1) as most favorable for 
fixation, failed to assimilate molecular nitrogen. Likewise, under the 
conditions tested to date, we have been unable to demonstrate fixation by 
free living species of the root nodule bacteria (Rhizobium) or by cell-free 
preparations of Azotobacter vinelandii. Because of the significance of the 
results with these two agents for the mechanism of the process, experi- 
ments will be continued in an effort to find conditions which will induce 
such fixation. As already reported (17) we have not succeeded in demon- 
strating fixation by barley plants or bv clover in the absence of the specifie 
organism, Rhizobium trifoliz. 

Small apparent increases in nitrogen content have been cited as evidence 
for nitrogen fixation by such a varicty of living agents that if all these 
reports were accepted it would lead to the conclusion that biological nitro- 
gen fixation is a wide-spread phenomenon in nature. Application of the 
N® isotope provides an approach to the problem analogous to the use of 
radioactive and stable isotopes of carbon for detecting carbon dioxide 
fixation. Whereas tests with isotopes have revealed hitherto unsuspected 
examples of carbon dioxide fixation and have suggested that living cells in 
general are able to fix carbon dioxide, this ubiquity has not been evident 
with nitrogen fixation. The well established nitrogen fixers assimilate 
high, easily detected, concentrations of molecular N¥%, but except for 
- excised nodules none of the ‘questionable’ agents has fixed N® bevond the 
experimental error of the sensitive isotope method. The evidence sug- 
gests that the ability to fix molecular nitrogen is very restricted in nature. 
It appears desirable that future claims of biological nitrogen fixation in- 
volving but small increases of nitrogen content should be accompanied, 
whenever possible, by evidence that the agent in question will assimilate 
N® supplied as molecular nitrogen. 


SUMMARY 


Since the fixation of molecular N' is a much more sensitive and reliable 
index of nitrogen fixation than is total nitrogen analysis, the isotope method 
has been used to test a variety of biological agents for their ability to as- 
similate free nitrogen. The method is especially useful for nitrogen fixa- 
tion experiments with media or materials initially high in nitrogen. 

The free living nitrogen-fixing bacterium, Azotobacter vinclandii, the blue- 
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green alga, Nostoc muscorum, the anaerobic bacterium, Clostridium pas- 
teurranum, and inoculated red clover plants, which are known to fix molee- 
ular nitrogen, assimilated 100 to 1000 times the quantity of molecular 
necessary for detection. 

Claims have been made that germinating peas, excised root nodules 
from leguminous plants, free living Rhizobium, and cell-free preparations 
of Azotobacter can fix molecular nitrogen, but these claims have not as yet 
been confirmed. Under the conditions employed, fixation of molecular N™% 
exceeding the experimental error of the sensitive isotope method was ob- 
tained only with excised nodules, and with these the possibility of non- 
symbiotic fixation was not excluded. Fixation was consistently obtained 
with excised nodulated roots of the pea plant. 

It is concluded that the ability to use molecular nitrogen is limited to a 
few organisms. 
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THRE EXCRETION OF ASCORBIC ACID, THIAMINE, RIBOFLA- 
VIN, AND PANTOTHENIC ACID IN SWEAT 


By DAVID M. TENNENT anno ROBERT H. SILBER 
(From the Merck Institute for Therapeutic Research, Rahway, New Jersey) 


(Received for publication, Mareh 10, 1943) 


In studies of human nutrition under tropical conditions it 1s important 
to consider the loss of vitamins in sweat. Bock and Dill (1) have shown 
that a man may lose 20 pounds of sweat in walking 32 kilometers in 7 
hours at a shade temperature of 40°. If vitamins are excreted to any extent 
in the sweat, it is evident that such a loss may have serious consequences. 
The amounts of ascorbic acid and of thiamine in sweat have been deter- 
mined by several investigators. The ascorbic acid content of human 
sweat was found by Bernstein (2) to vary from 0.5 to 1.1 mg. per cent, by 
Cornbleet, IXlein, and Pace (3) from 0.55 and 0.64 mg. per cent, by Wright 
and MacLenathen (4) from 0.024 to 0.186 mg. per cent, and by Hardt and 
Still (5) from 0.18 mg. per cent in subjects who were given no ascorbic acid 
to 0.47 mg. per cent in subjects given 750 mg. of ascorbie acid. In thermal 
sweat Slater (6) found 0 to 7 y of thiamine per liter, and Hardt and Still 
(5) found 1.5 y per ml. in a pooled sample from four subjects, one of whom 
took 50 mg. of thiamine | hour before sweating. In sweat induced by 
exercise Hardt and Still (5) found averages of 83 and 90 y of thiamine per 
liter from subjects who took no thiamine and averages of 445 and 4540 + 
per liter, depending upon the procedure used, from subjects who took 50 
mg. of thiamine orally. 

Sinee the results obtained by previous investigators are not in agreement, 
further investigation of this problem seemed desirable and controlled ex- 
periments along these lines were undertaken in this laboratory. Thermal 
sweat and sweat induced by exercise were analyzed tor aseorbie acid, thi- 
amine, riboflavin, and pantothenic acid in human subjects with and without 
previous vitamin dosage. For the purpose of comparison the amounts of 
thiamine, riboflavin, and pantothenic acid excreted in the urine during 
the period of sweat collection were also determined. 


Methods 


Analyses of the sweat and urine samples were begun immediately after 
sweat collection, since it was found that samples which were allowed to 
stand in the refrigerator occasionally developed changes in the thiamine, 
riboflavin, and pantothenic acid content. 

Ascorbic Acid and Dehydroascorbic Acid-——Yor the determination of 
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ascorbie acid 20 ml. volumes of filtered sweat, collected in sulfuric acid as 
deseribed under ‘‘Procedure,” were further acidified by the addition of 2 
ml. of N sulfuric acid and titrated with a 2,6-dichlorophenol indophenol 
solution, of which | ml. was equivalent to 20 ml. of a 0.1 mg. per cent 
solution of ascorbic acid. Dehydroasecorbic acid was determined in ten 
of the experiments by the method of Roe and Hall (7). This method was 
made more sensitive by increasing the volume of the samples used from 3 
to 10 ml. 

Thiamine—-For the determination of thiamine, 40 ml. of filtered acid 
sweat was adjusted to 0.1. N with N sulfuric acid, buffered to pH 4.4 by 
the addition of 2 ml. of 2.5 m sodium acetate solution, and put through base 
exchange columns containing Decalso. The thiamine was eluted from the 
eolumns with 25 per cent IXWClin 0.1 N HCl. 5 mil. portions of the eluate 
were oxidized with 0.03 per cent potassium ferricyanide in 15 per cent 
sodium hydroxide, and the thiochrome was extracted with isobutanol. The 
fluorescence of the isobutanol solutions was read in a Pfaltz and Bauer 
fluorophotometer. For the determination of thiamine in urine, 5 ml. 
samples were acidified with 2.5 ml. of N sulfurie acid, buffered by the ad- 
dition of 1.25 ml. of 2.5 Mm sodium acetate solution, and diluted to 25 ml. 
Aliquots which contained approximately 5 y of thiamine were put through 
base exchange columns, eluted, and oxidized in the usual manner. 

Riboflavin and Pantothenic Acid-—Riboflavin and pantothenic acid were 
determined by the methods of Snell and Strong (8) for riboflavin and of 
Pennington, Snell, and Williams (9) for pantothenic acid by the technique 
of Silber and Mushett (10). 

Procedure 

In these experiments both thermal sweat and sweat induced by exercise 
have been studied. The subjects were healthy voung male volunteers. 
All of them remained on their normal diet, but a part of them was given 
supplementary vitamin doses in the study of each type of sweating, con- 
sisting of a total of 250 mg. of ascorbic acid, 50 mg. of calcium panto- 
thenate, 10 mg. of thiamine chloride, and 10 mg. of riboflavin daily in two 
oral doses during the week preceding sweat collection to insure maximal 
tissue levels of these vitamins. On the day of the experiment the dosed 
subjects took 1000 mg. of ascorbic acid and 50 mg. each of calcium: panto- 
thenate, thiamine ehloride, and riboflavin 4} hour before the beginning of 
the sweat collection. This time interval had been arrived at from two 
4 hour excretion experiments which are reported below. All subjects took 
200 ml. of water at this time. 

Kach subject took a hot shower followed by a cool shower and emptied 
his bladder before entering the hot room. Sweating was induced in a 
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specially built insulated room in which the temperature and humidity could 
be maintained at any desired level. ‘The subjects were unclothed for all 
of the experiments. For the collection of thermal sweat they stood in 
stainless steel pans at a temperature of 41.7-43.3° and a relative humidity 
of 60 to 70 per cent determined from sling psychrometer readings. For 
the collection of sweat induced by exercise they sawed wood at a tempera- 
ture of 31-34° and a relative humidity of 80 to 85 per cent. A copious 
flow of sweat usually began within 15 minutes. This was collected by con- 
tinuous sponging of the entire body with cellulose sponges! and delivered 


TABLE 


Thiamine, Riboflavin, and Pantothenic Acid Excreted in Four Hours* 


| Sweat | Urine 
Subject | Time | | - | Total | Total | | hi | Total Total 
| | otal | panto- | panto- 
| Volume | — | Volume | thiamine 
ml. | | mi. | | 
t | | 110 «106 550 «1400 
the io es 28 3 | 40 | 133 | 245 | 3000 | 2700 
| rd 3 hr. 218 2.0 9 | 50 | 12 |; 118 | 1000 | 1200 
19 192 1700 1000 
0.4 7 13 35 144 1200 700 
RHS | t | | | | 66 38 200700 
| Ist hr. | 555 3.8 6 | 70 38 59 | 450 | 350 
| | 25! 0 | 
1.6 | 2 17 12 222 | 3000 2300 
| 13 6 146 | 1500 1000 
14 90 | 2200 | 520 


* No ascorbic acid was found. 

+ 1 hour period for control urine. 
into two amber bottles, one of which contained 10 ml. of N sulfurte acid and 
the other toluene. Quantitative collection of the sweat was possible in this 
manner. The acidified sweat was used for ascorbic acid and thiamine 
determinations and that collected under toluene was used for pantothenic 
acid and riboflavin determinations. At the end of an hour the experiment 
was stopped and the urine excreted during this time was taken for analysts. 

1 The sponges used were du Pont fine pore, cellulose film sponges, 33 * 5, X& 14 
inches, which were cut in half. They were autoclaved and rinsed well with water 
before each experiment. 
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experiments were performed to determine the accuracy of the sweat 
collection technique. Neutral aqueous solutions of the vitamins were col- 
lected with a sponge, as in the sweat collection experiments, and delivered 
into acid and into toluene. When these solutions were analyzed for the 
vitamins, the recoveries were within the limits of error of the analytical 
methods. 


TABLE II 


Thiamine, Riboflavin, Pantothenic Acid, and Dehydroascorbic Acid Excreted in 1 Hour* 


Sweat Urine 
Subject Total Total Total de Total Total Total 
Volume thia ribo- hydro- Volume thia ribo panto 
mine flavin — ascorbic mine flavin 
acid 
ml. Y | mg. mi. Y Y 

Thermal; Mik 170 | 0.2 3 15 e743) 70 
subjects 370 | 0.3 | 11 15 
not dosed | JG 1.6.2; 22 30 
AS 446 | 0.2 | 13 Is 103 «1.6, 140. 390 
MA 590 | 0.8 | 20 26 | 06!] §2 
Lu 657 | 2.5 | 10 31041 40) 
Thermal; Ie) 235 | 0.7 3 25 30 | 278 L900 2300 
subjects WO’S | 5308 | 2.3 30 150 14 | 165 1500 | 1000 
dosed OG mei 32: 15 17 | 50 2200 | 2200 
25 | 85 296 | 3000 
FC | 427 | 0.9 | 15 21 | 151 1100 | 1150 
WoO 1.8 1 12 73 1200 9000 

HB 969 | 1:1 6 110 | 
ID 3I7 1.6 3 30) 17 27 67 | 379 
303 | 1.1 3 1 103 1800, 920 
392 20) 106 «179 | 2900! 1250 
[exercise; Dr 205) 0.1 Is 1.9 
subjects tS | 0.2 2 | O 7.5 AY} «6210 
not dosed Ih 216 () 16 7 SO) 
exercise; RS 13] 22 4 24 L400 
subjects JF | 0.9 2 21 51 LOS S20 1800 

dosed WO’S 213 2 50 27 s«A186 17S0 


* No aseorbie acid was found. 

Kapertments of 4 Hours Duration With two subjects sweat samples were 
collected continuously for 4 hours to determine the time interval by whieh 
the administration of the massive vitamin dose should precede the begin- 
ning of the sweat collection. In these experiments the subjects were given 
daily doses in the same manner as the other subjects in this investigation, 
but they took the massive dose at the time that they entered the hot room 
instead of 5 hour before. During sweat collection they were allowed to 
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sit when they desired, and the temperature was reduced to 36.67 after 
copious sweat flow had started. They were given water ad libitum. The 
collection bottles were changed and urine samples were taken at the end 
of the Ist hour and at the end of each half hour thereafter. 

No ascorbic acid was found in any of the sweat samples. The analytical 
results for thiamine, riboflavin, and pantothenic acid are presented in 
Table I. ‘The highest vitamin excretion was found during the first 14 
hours. For this reason the massive doses were given to the subjects 3 
hour before the beginning of the 1 hour experiments. 

Two other experiments of 4 hours duration were performed which 
were designed to show whether the vitamin exeretion in sweat is a function 
of the total volume of sweat or of the length of time during which sweating 
occurred; the results were inconclusive and failed to indicate a definite 
role of either of these two factors. 

Experiments of 1 Hour Duration—Sweat was collected over a period of 
| hour in twenty-two experiments. The results of the analyses of the 
sweat and urine samples are presented in Table II. Thermal sweat was 
collected from sixteen subjects, of whom six did not receive vitamin dosage. 
The others were dosed as described above with the exception of subjects 
HB and ED who took the daily doses but not the massive doses and of 
subjects LIF and Hs who took the massive doses but not the daily doses. 
Two subjects, MLA and LH, were Negroes. 

Sweat induced by exercise was collected from six subjects of whom 
three were dosed and three were not. 


DISCUSSION 


The amounts of thiamine, riboflavin, and pantothente acid found in 
thermal sweat were not significantly different from those found in sweat 
induced by exercise. Dosed subjects excreted more thiamine and panto- 
thenic acid in sweat than those who were not, but the amounts were of the 
same order of magnitude and the ranges of the values overlapped. There 
was no difference in the average riboflavin excretion in sweat of subjects 
recelving large doses of vitamin and those who did not. Much greater 
differences were found in the amounts excreted in the urine. Dosed sub- 
jects excreted 60, 50, and LO times as much thiamine, riboflavin, and panto- 
thenic acid respectively as subjectsswho were not dosed, although the 
collection period did not include the peak of urinary excretion of these 
vitamins. From these results it appears that the losses of thiamine, ribo- 
flavin, and pantothenic acid in sweat are not greatly influenced by the 
amount of vitamin ingested. 

No ascorbic acid was found in any of the sweat samples. The average 
loss of dehydroascorbie acid from all subjects was 0.23 mg. Dehydroas- 
corbie acid was found in thermal sweat from two Negro subjects who were 
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not dosed and in sweat induced by exercise from dosed subjects. No 
dehydroascorbic acid was found in thermal sweat trom two dosed subjeets, 
and none was found in sweat induced by exercise from subjects who were 
not dosed. ‘These differences cannot be considered significant, since the 
error in the determination of such low concentrations of this substance is 
large. ‘Lhe results do show, however, that the amounts of dehydroascorbie 
acid lost in sweat are not great, and that excessive sweating is unlikely to 
induce a vitamin C deficiency if the dietary intake is adequate according 
to accepted standards.” 

The average hourly losses of thiamine, riboflavin, and pantothenic acid 
from subjects who did not receive the vitamin dosage were respectively 
0.5, 10, and 24 7 and from dosed subjects 1.4, 10, and 507. Our studies do 
not indicate that a thiamine deficiency can be caused by excessive sweating, 
Likewise, the amount of riboflavin excreted should not be enough to 
affect adversely a man whose dietary intake is adequate according to 
accepted standards.’ 


SUMMARY 


Ascorbic acid, thiamine, riboflavin, and pantothenic acid have been 
determined in thermal sweat and in sweat induced by exercise of human 
subjects, with and without preceding administration of vitamins. The 
amounts of thiamine excreted were insignificant. No ascorbie acid was 
found, but dehydroascorbie acid was excreted to the extent of about 0.2 
mg. perhour. The average riboflavin excretion was 10 y per hour whether 
the subjects had been dosed or not. ‘The average excretion of pantothenic 
acid was 24 y per hour for subjects who were not dosed and 50 y per hour 
for those who were. For comparative purposes the amounts of thiamine, 
riboflavin, and pantothenic acid excreted in urine were also determined. 
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PENICILLIN B: PREPARATION, PURIFICATION, AND 
MODE OF AC'PLON* 
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AND EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School of Medicine, 
St. Louis) 


and R.D. MUIR, ROBERTS, W.L. GABY, D.M. HOMAN, ano L. R. JONES 


(From the Department of Bacteriology, St. Louis University School of Medicine, St. 
Louis) 


(Received for publication, March 13, 1943) 


Our work in the penicillin field was begun in December, 1941, with the 
primary objective of assisting in the isolation and synthesis of this interest- 
ing antibacterial product in order that it might be made more available 
for military medicine. However, from the very beginning of our experi- 
ments the antibacterial product obtained was not soluble in ether or amyl 
acetate and, therefore, appeared to differ from penicillin. In a recent 
publication (1), a report was made on the preparation and some of the 
properties of this product which was provisionally called penicillin B to 
distinguish it from penicillin, the antibacterial substance which is soluble 
in organic solvents. 

In our first publication we referred to a report by Iwocholaty (2) in which 
he described briefly a product, penatin, which is similar in some respects 
to penicillin B and recently we have had the privilege of examining two 
additional manuscripts on penatin by the same investigator, one of which 
has been recently published (3). Since there are a few points of difference 
between Ixocholaty’s results and our data, it is not certain that the products 
produced in the two laboratories are identical. 

After most of the work which is presented in a subsequent section of 
this report had been concluded, the November 28, 1942, issue of Nature 
containing a short paper by a group of British investigators (4) reached 
our library. In this publication they refer to a patent application (of 
which we were not aware) covering penicillin A, a product which they now 
name notatin, in order to obviate confusion with the penicillin which is 
soluble in organic solvents. Although in many respects notatin as well as 
penatin seems to be similar to our product, we shall in this manuscript, 
at least, continue to designate our product penicillin B. 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Offiee of Scientifie Research and 
Development and the St. Louis University. 

t Lalor Foundation Fellow, 1942-43. 


) 4 
* 
2 
| | 
S 
{ 
4 


306 PENICILLIN B 


EXPERIMENTAL 

Preparation and Purification of Penicillin While the henzote acid 
procedure for the preparation of penicillin B (1) is satistactory, the use of 
acetone, Which may cause some denaturation of the product, is an undesir- 
able feature. In attempting to eliminate the use of organic solvents, 
we have devised a new method which is based upon the precipitation of 
the active substance by uranium acetate and its liberation.by phosphate. 

The entire process is carried out in the cold room (5°). The freshly 
harvested culture fluid (1) is filtered and for each liter 15 to 20 ml. of 1 per 
eent uranium acetate solution are added. The pI of the harvest varies 
between 3.5 and 3.9, which is about optimum for complete precipitation. 
The precipitated material is allowed to settle and is collected by centrif- 
ugation alter the supernatant liquid has been siphoned off. It is washed 
once or twice with water and then extracted with a volume of 0.2 mM phos- 
phate bufier (pH 6.8) sufficient to give the mixture a creamy consistency. 
‘This mixture is allowed to stand for several hours before it is centrifuged. 
Two such extractions remove practically all of the antibacterial activity. 
Phosphate bufier of pH 4 to 4.5 does not remove the activity. 

The penicillin B is salted-out from the buffer solutions by means of 
ummonium sulfate. If the reaction is adjusted to about pH 4, 2 volumes 
of saturated (NH 4)oSO, solution are required. If no adjustment is made 
(pit 6.5 to 6.8), 3 volumes are required. In the latter case the plII is 
lowered to about 5.5 by the addition of the salt. The precipitate is col- 
lected by centrifugation, dissolved in water, and, after dialyzing until 
sulfate-free, lyophilized. The recovery of the activity is usually complete. 

The preparations which have been obtained by this procedure contain 
more nitrogen than those prepared by the benzoie acid method (14 per 
cent as compared to 10.5 per cent) and are more potent and more readily 
soluble in water. Products have been prepared which inhibit the growth 
of Staphylococcus aureus in dilutions greater than L part in 6 billion.! 

In addition to eliminating the use ‘of an organic solvent, the uranium 
acetate procedure has the advantages of being less cumbersome and more 
economical than the benzoic acid procedure. The small uranium precipi- 
tates are easier to handle than the bulky benzoic acid adsorbate, especially 
When large volumes are processed. Since only 15 to 20 gm. of uranium 
acetate are required tor 100 liters of medium, the cost is insignificant. 

Penicillin B may also be obtained from the culture media by adsorption 
on type C alumina gel and elution with 10 per cent (NH4)250,4. However, 

' The method of assaying antibacterial potency was the same as described in our 
previous publication (1) except that sterile 1 per cent peptone solution was sub- 


stituted for the diluent of the Clutterbuck medium. This change of solvent was 
found to stabilize very dilute solutions of penicillin B and prevent their inactivation. 
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the amount of the adsorbent which is required makes this procedure 
impracticable. 

Further purification of crude products obtained by both the uranium 
acetate and benzoic acid methods may be accomplished by fractional 
salting-out with ammonium sulfate. In a typical experiment, 300 rag. 
of crude penicillin 1b were dissolved in 30 ml. of acetate buffer (pH. 5.5, 
w= 0.1). After standing overnight at 0°, the small precipitate which had 
settled out was removed by centrifugation. Addition of (NH jos); to 
25 and 50 per cent saturation produced precipitates which were inactive, 
but 75 per cent saturation precipitated nearly all of the active material. 
The utilization of this procedure resulted in some cases in the elimination 
of 75 per cent of the inactive solids and the retention of all of the anti- 
bacterial activity. The nitrogen values of the purified products, as de- 
termined by the Koch-MeMeekin method (5), differed little from those 
of the starting materials. 


Some Properties of Penicillin B 


Electrophoretic Behavior—-A potent sample of penicillin B which had not 
been fractionated with (NH was subjected to a preliminary exaraina- 
tion in the Viselius apparatus.2 This experiment was carried out with 
a1.5 per cent solution of penicillin Bin phosphate buffer, pI] 5.9, 0 = 0.096. 
After 3.5 hours the pattern consisted of a main peak with a small shoulder 
on the front. This was interpreted as indicating non-homogeneityv and 
that the proteins present were similar in electrophoretic behavior. A more 
complete investigation is planned. 

Prosthetic Group — The absorption data of Coulthard ef al. (4) as well as 
our own observations suggest that the active principle may be a flavo- 
protein. ‘The absorption spectrum maxima and minima obtained trom a 
purified preparation of penicillin B dissolved in 0.2 M phosphate bulter 
(pH 6.8) are given in ‘Vable [. All absorption measurements were made 
with a Beckman quartz spectrophotometer. 

It was found that the vellow color of penicillin B preparations could be 
separated from the protein-rest by several methods: extraction wit! 75 
per cent methanol (7), solution in 50 per cent saturated (NH )oS8O; af pil 
0.6 at 5° (8S), or dialysis against 0.1 N HCl at 5° (6). Recombination of 
the vellow pigment and the protein tailed to restore the activity. 

In order to characterize the prosthetic group the following experiment 
was carried out. tem. of purified penicillin B was repeatedly extracted 

2 "The instrument used was manufactured by the Klett Manufacturing Company, 
Ine. We wish to thank Dro C.F. Cori of the Department of Pharmacology of Wash- 
ington University School of Medieime for the use of this instrument. 
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with 75 per cent methanol until the residue was colorless. The extracts 


were evaporated in vacuo at 40°. The solid material obtained was extracted 
with absolute methanol until the extracts were colorless. On evaporation 
of the methanol, 38 mg. ef a vellow solid were obtained. This material 
Was extracted with 3.8 ml. of water; 0.2 ml. gave the lumiflavin test (9), 
The vest of the solution was acidified to Congo red with HNOs, and the 
addition ot a tew drops of 30 per cent AgNOs caused a red-orange precipi- 
tate. According to Warburg and Christian (9), dinucleotides, but not 
mononucleotides, are precipitated by this treatment. The silver. salt 
was decomposed with HS, vielding a vellow solution containing 2.2 mg. 
of solids. This material gave a positive Molisch, a positive Bial, and a 


TABLE 


Light Absorption. Maxima and Minima of Penicillin B and Prosthetic Group of 


Penicillin B 


Penicillin B Penicillin B prosthetic group Flavine adenine dinucleotide (6) 
\loxima Maxima Maxima “Lom. 
l cm. 1 cm. 


calculated) 


A. A A. 
1520) 1.0 1.4 1500 144 
3700 1.0 3740 3750 114 
19.2 2640 230.3 PHO) 469 

2M) 207.9 
4120 O.74 1020) 4000) SO. | 
3200 8050 37 3050 19.7 
~o00 11.0 2370 93.8 


positive murexide test, and contained 5.68 per cent phosphorus (10). 
The absorption spectrum maxima and minima are given in ‘Table [. 

All the above data indicate that the prosthetic group is probably flavine 
adenine dinucleotide. Both the phosphorus content, 5.68 per cent as 
compared to 7.9 per cent tor flavine adenine dinucleotide, and the absorp- 
tion data indicate that our final product was about 60 per cent pure. 
Further investigation of this aspect of the problem was not feasible 
because of the large quantities of purified penicillin Bo necessary. 


Mode of Action of Penicillin B 


It was found that penicillin B possesses the ability to decolorize methylene 
blue anaerobieally in the presence of d-glucose. The time of reduction was 
found to be inversely proportional to the concentration of penicillin B,. 
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This dehydrogenase activity was destroyed by heating at 80° for 5 minutes 
but was not inhibited by KCN, NaF, or urethane. Preliminary attempts 
to utilize this reaction as a substitute for the bacterial assay of penicillin 
B have been inconclusive. 

The above findings indicated the probable enzymic nature of penicillin 
B and further experiments were carried out to elucidate this point. It 
was found that under aerobic conditions acid was produced in a sterile 
solution of d-glucose and penicillin B. 

It has been demonstrated, however, that the antibacterial activity of 
penicillin B cannot be accounted for on the basis of an alteration in the 
pH of the culture medium. Growth of Staphylococcus aureus F was 
demonstrated in a medium consisting of | per cent peptone, | per cent 
glucose, and 0.5 per cent NaCl with the pH adjusted to 5.2. Inhibitory 
amounts of penicillin B depressed this medium only from pH 6.5 to pli 
6.25 and quantities many times as great failed to increase the H. ion 
concentration to a point which was incompatible with the growth of the 
organism. 

Several sugar derivatives, calcium gluconate, gluconic acid, glucuronic 


acid, mucic acid, and potassium acid saccharate were tested for anti-- 


bacterial activity with negative results. Gluconic acid at a concentration 
of 1:1000 prevented the growth of Staphylococcus aureus F in a peptone- 
glucose medium. However, this concentration of the acid lowered the 
pH of the medium to a level at which the organism was unable to grow 
(pH 4.2) and thus no specific antibacterial property of the substance was 
demonstrable. 

hlectrometric titrations of incubated sterile glucose-penicillin B solutions 
indicated the presence of a relatively strong acid. The production of 
acid from glucose, the marked enhancement of antibacterial activity of 
penicillin B by glucose, the marked diminution of potency of penicillin in 
the absence of oxvgen, and the demonstration of the effect of serum on 
the antibacterial potency led to the speculation that the antibacterial 
activity of penicillin B is due to the production of -hydrogen peroxide. 
However, before our experimental test of this idea was undertaken, Coul- 
thard et al. reported that notatin produces a mole of gluconie acid and a 
mole of H.O. from a mole of glucose and, consequently, if it turns out 
that notatin and penicillin B are identical, our experiments on this point 
confirm and extend the observations of the British investigators. 

Reaction Products of Penicillin B and Glucose-—The optimum conditions 
for enzymic activity were studied by ascertaining the rate of production 
of acid and of hvdrogen peroxide. Acid was determined by titrating 5 ml. 
of the reaction mixture with 0.01 ~ NaOH. Wydrogen peroxide was 
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determined by the method described by Sumner (11) and residual glucose 
by the Shaffer-Somogyi (12) procedure. When varying amounts of 
penicillin B were allowed to react with L per cent glucose, for 1.5 hours at 
36° without aeration, results were obtained which are summarized in 
Table IT. 

In another experiment a constant amount of penicillin 1 was used (0.1 
mg. per ml.) and the glucose concentration was varied. ‘The mixture was 
allowed to react at 36° for 1.5 hours without aeration. The results are 
shown in Table IT. 

The control of pH was shown to be important by an experiment in 
Which it was found that the activity of penicillin B at a concentration 
of 0.1 mg. per ml. was inhibited below pH 5 and above pI 8, the substrate 
being 0.5 per cent glucose in a phosphate-buftered solution. 


Il 


effect of Varying Concentration of Glucose and of Penicillin Bon Rate of Production of 
Peroxide 


Concentration of glucose, 1 per cent Concentration of penicillin, 
at beginning of experiment 0.1 mg. per ml. 
Penicillin B Peroxide formed (,lucose Peroxide formed 
10 IS.0 1.0 6.2 
3.6 
1.6 O05 
0.000) 


The oxvgen supply was found to be very important. Aeration with 
oxygen of a solution containing | per cent glucose and O.OOL mg. per mil. of 
pemallin B produced more than twice as much H.Q. in 5 hours as did a 
similar solution containing 0.1 mg. of penicillin B per ml. which was not 
aerated. The action of penicillin B upon glicose was not inhibited by 0.02 
per cent fluoride, ¢vanide, or urethane. Penicillin Boat a concentration 
of 90.1 mg. per ml. caused oxidation of glucose (O.1 per cent) nearly as 
rapidly at 23° as at 36° but the action was appreciably slower at 52°. 
Heating for 5 minutes at 8O° completely destroved enzymic activity. 

In order to show the presence of THO. in the reaction mixture a solution 
of penicillin B (0.1 mg. per ml.) and glucose (1 per cent) was allowed to 
react until titration of a 10 mil. aliquot required 90 ml. of 0.005 N Naes2Os. 
At this point a 10 ml. aliquot was adjusted to pH 7 and a small amount of 
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crystalline catalase* was added. The 1.4 ml. of gas evolved were analyzed 
in the apparatus of Scholander (13) and found to be Ov. 

The acid formed during the reaction was identified as follows: | gm. 
of glucose and 100 mg. of penicillin B were dissolved in 160 ml. of water 
and aerated with O, in a constant temperature bath at 25° for 48 hours. 
At this time only a few mg. of glucose remained. The reaction mixture 
was evaporated to dryness in vacuo and extracted four times with 10 ml. of 
hot 95 per cent alcohol. Approximately 0.9 gm. of a solid acid having 
a melting point of 136° was obtained. ‘The melting point of gluconolactone 
is 134-136°. The amide prepared from this acid melted at 143°. When 
mixed with known glueconamide (m.p. 143°), no depression of the melting 
point was observed. The melting point of the benzimidazole derivative 
prepared by the method of Moore and Link (14) was 215° and when 
mixed with known glucobenzimidazole (m.p. 215°) depression of the 
melting point did not occur. 


Tasie 
Conversion of Glucose (0.1 Per Cent Solution) by Penicillin B and Oxygen to Gluconic 
Acid and Hydrogen Peroxide 


Time Glucose used Gsluconic acid found Hydrogen peroxide found 
hrs. mM mM mM 

0.5 0.326 0.349 0.309 

1.0 0.506 0.505 0). 500 


2.0 0.506 0.582 0.559 


A sample of 5.075 mg. of glucobenzimidazole gave a volume of 0.460 ml. 
of nitrogen at O° and 760 mm., when analyzed by the micro-Dumas_ pro- 
eedure. N tound 10.18 per cent; theory for CypHyOsNe, LO44 per cent. 

To determine the stoichiometric relations involved the following expert- 
ment was performed. A solution of penicillin B (O.L mg. per ml.) in 0.1 
per cent glucose was aerated with Oo and maintained at 36° in a water 
bath. In 2 hours all the glucose had disappeared. The amount of HO: 
and gluconic acid in 100 ml. of the reaction mixture, at various intervals, 
is shown in Table IIT. These values indicate that glucose is oxidized 
according to the following equation. 


3 We wish to acknowledge the kind assistance of Dr. J. B. Sumner who supplied a 


sample of pure crystalline catalase. This sample was standardized by the method 
of Jolles as modified by Sumner (11). 
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The enzymic action of penicillin B does not seem to be restricted to 
glucose. Pure d-xylose, d-galactose, and d-mannose also yield acid and 
H.O, but the rate of reaction is much slower. Preliminary experiments 
indicated that the stoichiometric relationships observed for glucose oxida- 
tion did not hold tor these sugars. These sugars have been found to be 
effective in bacteriological assays but not to the same extent as glucose. 

As stated above the principle or principles responsible for the enzymie 
action of penicillin B have been found to be heat-labile. Heating this 
material in a peptone-glucose medium at 80° for 5 minutes completely 
prevented the development of antibacterial activity (Table IV, Series C-2). 


TaBLe IV 
l’ffect of Heat, Incubation, and Serum on Antibacterial Activity of Penicillin B 


+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of 


Staphylococcus aureus 


1 part penicillin B in following million parts of medium 


Treatment before inoculation 
2 
A-1 21 hrs. at 37°. unheated + 
added 
B-3 37°) unheated; serum + + 1. 
added 
si No incubation, unheated + + + 
we heated + + + + + + + + 
unheated; serum 4 + + + + 
added 


* Controls received no penicillin B 


While fresh horse, rabbit, or sheep serum intertered with the antibacterial 
activity of the mold product, two samples of older, stored serum. did 
not exhibit this typical experiment showing the effeet 
of serum and heat is given in Table IV. The medium emploved 
consisted of 1 per cent peptone, | per cent glucose, and 0.5 per cent NaCl 
and the test organism was Staphylococcus aureus FF. Penicillin Bo was 
diluted serially in this medium and fresh, sterile rabbit serum was added 
to a final concentration of 5 per cent in the series indicated in Table IV. 
Some of the series of tubes were incubated for 16 or 21 hours at 37° before 
receiving the organism, while others were inoculated immediately following 
their preparation. Certain series were also heated in a water bath to 80° 
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for 5 minutes prior to inoculation. Antibacterial activity was judged 
by the presence or absence of visible turbidity in the tubes after incubation 
for 18 to 24 hours at 37°. 

Table IV further indicates that the antibacterial activity is due to some 
relatively heat-stable substance resulting from the penicillin B-glucose 
mixture. In the series of tubes (Series (-2) which was heated without 
initial incubation there was no evidence of bacterial inhibition, while in 
those which had been incubated for 16 or 21 hours (Series B-2 and A-2) 
before being heated growth occurred only in tubes containing the least 
amounts of penicillin B. 

Another conclusion which may be drawn trom this experiment is that the 
heat-stable antibacterial substance is not active in the presence of fresh 
serum. A comparison of the results in Series A-2 and A-3 demonstrates 
this point. 

The peroxide formed by the action of penicillin B was titrated by the 
jiodometric method and its concentration correlated with antibacterial 
activity, as shown jn Table V. The samples tested varied from the crude 
mold culture fluids to highly purified preparations; vet the minimal 
amounts of Hl oO. associated with bacterial inhibition were limited to a very 
narrow range. The antibacterial effectiveness of H.0. was determined 
under conditions similar to those in which penicillin B had been studied 
and it was tound that the titratable amount of H.Q. which was required 
to prevent the growth of the test organism was of the same order as the 
corresponding titratable amount ot the penicillin B product. This finding 
was confirmed with both Gram-positive and Gram-negative organisms. 

The identity of T,Q. with the active substance produced by penicillin 
B was further confirmed by the finding that all materials tested which 
were capable of reducing the titratable amount of the latter in a medium 
exerted a similar effect on the former. These substances included different 
ferrous salts, evsteine, fresh serum, and catalase. Cultural tests showed, 
furthermore, that these reagents interfered with the antibacterial activity 
of both H.O. and the penicillin B product. Tables VI and VIT indicate 
the results obtained in typical experiments in which serum or catalase 
was emploved as the antibacterial inhibitor. “The medium and methods 
were similar to those described above except that the initial incubation 
period was at room temperature (25°) rather than 37°. 

The antagonistic properties of serum and of catalase were shown to be 
of a heat-labile character. Catalase which had been heated to 100° for 
| minute or serum which had been held at 65° for 10 minutes was no longer 
effective in preventing antibacterial activity, as may be observed in Tables 
VI and VII. Similarly, treatment of catalase with KCN resulted in the 
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TABLE V 


Inhibition of Staphylococcus aureus F by Different Preparations of Penicillin B 
Compared with Amounts of Hydrogen Peroxide Present 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of. . 


Staphylococcus aureus F. The figures represent the number of ml. of 0.001 N Nae8.0O; 
utilized in the iodometrice titration of the routine assay tubes following their ineuba- 
tion at 37° for IS hours. 


( 
iain Secondary dilutions of penicillin B 
preparation rimary 
| 4:20 1:40 1:80 1: 160 1:320 1: 640 1:1280 1:2560 ‘ 
|-4.8 | 3.4 2.3 1.5 | 0.6 | 0.0 , 
1.4 1.4 0.7 1.0 
121,000,000 — + 4. 4 
0.9 0.6 0.0 
4.2 3.2 2.3 1.0 0.0 0.0 
3.9 3.1 1.9 1.0 
23.7 1:24 | 0.9 | 6.8 1 00 
-2 1 10,000 + t 4+ 
1.0 | 0.5 | 0.0 
0.0 
IX -4 1 10.000 4 4 
(,-2 None -- — }. 4. 
Standard 1 1000 + 4 4 ( 
4.2 ne 30: 24 1.5 1.1 
K -6 1 10,000 = ve 4 
3d. 1 1.8 1.2 0.5 0.0 
K-7 110.000 — + + 4- 
2.4 1.6 0.0 
4.0 1.8 0.5 0.0 
K-10 1 10,000 — + hin 
4.5 ‘3 2.5 1.4 0.6 0.0 
cel 


* Controls received no penicillin B. 
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loss of its ability to prevent inhibition (Table VIII). In this experiment 
the catalase preparation was exposed to 0.1 Mm IXKC'N for 15 hours at a tem- 
perature of 10° betore being diluted and added to the test cultures. In 


TaBLe VI 
Growth of Staphylococcus aureus F in Presence of Different Combinations of Penicillin 
B, H.O., Fresh Horse Serum, and Heated Horse Serum 
+ indicates growth of Staphylococeus aureus F, — indicates absence of growth of 


Staphylococcus aureus F, 


1 part penicillin B in following million parts of medium 


Treatment before inoculation 
A-2 6 “ 25°, fresh serum added + + 4+ 4) 4+ 
addedt 
um added 
3-2 = fresh serum +iti+i +, +! + + | + 
added 
B-3 No incubation, heated serum — + 
added 
Dilutions of 3 per cent hydrogen peroxide 
1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 
C-2 vis heated — i+ 
fresh serum ei +i + + + + 
added 
added 


* Controls received no penicillin B. 
* Serum was heated at 65° for 10 minutes. 


our previous paper, it Was reported that KCN does not inactivate penicil- 
lin B. 

In anaerobic experiments it was found that penicillin B failed to exhibit 
any antibacterial activity or to produce any substance which might be 
titrated iodometrically. Modified Thunberg tubes were employed in 
certain of these experiments in order to permit the mixing of penicillin B 
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VII 
Growth of Staphylococcus aureus F in Presence of Penicillin B and Catalase ' 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of ( 
Staphylococcus aureus F. 
1 part penicillin B in following million parts of medium } 
— Treatment before inoculation { 
i 2 } 8 16 32 | 64 | 128 ra 
4-4:8 * 25°, heated; catalase + + + t 
added 
A-5 | 8 hrs. at 25°, heated catalase - - 
addedt 
B- No ineubation -+- | ( 
B-2 heated + + 4 + + t 
B-3 catalase added —' + + +: 4 + 
added | 
B-5 | Noincubation, heated catalase - = 4 ‘ ( 
- addedt 
* Controls received no penicillin B. | 
+ Catalase was heated to 100° for 1 minute. | 
) 
VIII 
ffect of KON -Treated Catalase on Antibacterial Aetivity of Penceitlin B 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of ts 
Staphylococcus aureus F. 
1 part penicillin B in following million parts of medium . 
Treatment before inoculation* | d 
4 Heated; catalase added t+ +i ti 4 t t- 


*In each experiment incubation at 25° for 15 hours was carried out before 
inoculation. 

t Controls received no penicillin B. I 
with glucose in an atmosphere devoid of O2. One chamber received the 
peptone-glucose medium and the other the desired dilution of the enzyme. 

: A series of such tubes was placed in a desiccator and evacuated and rinsed 
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with nitrogen four times. The desiccator was then filled with nitrogen 
or With a mixture of nitrogen and carbon dioxide, closed, and tilted 
in such a manner as to mix the contents of each tube. After 24 
hours incubation at 37° growth of Escherichia coli was observed in such 
tubes in the presence of relatively large amounts of penicillin B. Control 
tubes which had not been inoculated with the organism were found to 
contain no peroxide when they were examined immediately after having 
been removed from the desiccator. However, if such controls were shaken 
aerobically before being tested, an appreciable quantity of HeO», was found 
to be present. 

Another type of anaerobic experiment involved the use of the thiogly- 
collate medium described by Brewer (15). This medium was prepared 
containing | per cent glucose and serial dilutions of penicillin B were added 
to it. The three test organisms emploved were Salmonella enteritidis, 
a facultative anaerobic organism, and Clostridium tetani and Clostridium 
welchii, both obligate anaerobes. Each of these organisms grew abun- 
dantly in this medium in the presence of relatively large amounts of 
penicillin B, although Salmonella enteritidis had previously been demon- 
strated to be inhibited by the enzvme in the usual aerobic tests. 


DISCUSSION 


The experiments described in this paper show that penicillin B is an 
enzyme of a flavoprotein nature, which causes the oxidation of glucose 
to gluconic acid and H.Q.. Data presented in a previous publication 
indicated that glucose is necessary for the optimum antibacterial activity 
of this substance. We have now shown that the antibacterial activity is 
due to one of the products of the enzyme action, hydrogen peroxide. 
Apparently the inhibition of the activity of penicillin B by serum is due to 
catalase activity. That it is so effective im vitro is probably due to the 
fact that extremely small amounts of HeQs are toxic to bacterial cells. 
Its use 7m pero in areas where catalase activity is at a minimum is being 
Investigated, ‘ 

It should be noted that Coulthard ef a/. state that notatin is a flavo- 
protein enzyme which possesses antibacterial activity only in the presence 
of glucose and that it converts glucose to gluconie acid and H.Ok. 

Further, Muller (16) obtained trom Aspergillus niger a glucose oxidase. 
Franke later showed that this enzvme converts glucose to glueconic acid 
and H.0. (17) and indicated that it is a flavoprotein (18). 

The properties of these enzymes and of the product prepared in this 
laboratory are similar in most respects but we should like to call attention 
to one point of discrepancy. Coulthard ef al. state that their enzyme 
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reacts only with glucose to produce an antibacterial product, whereas 
Franke showed that his product causes oxidation of d-mannose and d- 
galactose as well as d-glucose to give the respective monocarboxylic acids. 
Apparently no reaction was observed with d-xvlose. We have found that 
d-xvlose, d-mannose, d-galactose, and d-glucose all give rise to acid and 
H.O2 when allowed to react with penicillin B, and that the first three react 
much more slowly. These discrepancies may be due to heterogeneity of the 
enzyme preparations, to an actual difference in the products, or to differ- 
ences in technique. 


We are indebted to the Theelin Fund administered by the Committee 
on Grants tor Research ot St. Louis University for financial support and 
to Mrs. k. A. Doisv and Miss Lenore Klaus for their helpful technical 
assistance. 
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Comparative data on electrophoretic and sodium sulfate fractionations of 
pathological blood sera have been published by Gutman ef al. (1) and 
Luetscher (2). These papers contain data on only two normal sera. We 
have been unable to find any other studies on this subject. Marked dis- 
crepancies in the methods were indicated. The purpose of this paper is to 
present data on eight normal sera studied by sodium sulfate and electro- 
phoretic fractionation methods. 


EXPERIMENTAL 


Samples of blood sera from non-fasting laboratory workers were studied 
by the cleetrophoretic method of Tiselius (3). Patterns were obtained by 
the scanning method of Longsworth (4). Each serum was diluted 1:2.5 
with a phosphate buffer, ionic strength 0.2 and pH 7.8, and was dialyzed 
against the same buffer in the usual way. Separation of the /anomalous 
boundaries from the y-globulin on both the descending and ascending sides 
was accomplished by use of the cell with a single center section, recom- 
mended by Longsworth ef al. (5), and a long electrolysis time. ‘The pattern 
of the descending boundary was enlarged and traced and an example of both 
ascending and descending boundaries is given in Fig. |. The limits of the 
areas under each peak were determined by the method of Tiselius and 
Kabat (6) and the resulting area was measured by means of a planimeter. 

The sodium sulfate fractionation was carried out with 22.5 per cent so- 
dium sulfate at 37°. ‘Total nitrogen, albumin nitrogen, and non-protein 
nitrogen were determined by the micro-IXjeldahl method of Ieys (7). 
9em. No. 50 Whatman filter paper was used and the first 25 per cent of the 
filtrate was discarded in order to reduce the filtration error (8). 


DISCUSSION 
The results are compiled in Table 1. Gutman et al. (1) have shown that 
approximately one-quarter of the 8-globulin and three-quarters of the 
a-globulin appear in the 21.5 per cent (sie.) NaSQO, filtrate. Similar re- 
sults have been obtained with ammonium sulfate fractionation (9, 10), 
ethanol fractionation (11), and methanol fractionation (12). The globulin 
379 
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precipitate of 22.5 per cent Na»SO, has not been analyzed. ‘The present an. 
results show that the sodium sulfate technique assigns 5 + 3 per cent more m«¢ 
nitrogen to the albumin fraction than is indicated by the electrophoretic ret 
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Fig. 1. Electrophoretic patterns of rising and descending boundaries of normal — } 
human serum diluted 1:2.5 with a phosphate buffer, ionic strength 0.20 and pl 7.8 


TABLE | | 


Comparison of Results of Fractionation of Normal Human Serum by Electro phoretie pel 
and Sodium Sulfate Methods ele 
‘ 
Es. ge | 
areat | areat areat | He £3 | 
| St | ose | of | Se | 28 | Ss | Os 
65 521.0 354.0 167.0 0.060 0.24 0.184 67.9 32.1 2.12 76.0 24.0 3.16 
66 215.0) 140.6 74.4) 0.110 0.24 | 0.19 | 65.3, 34.7, 1.88 72.0 28.0 2.57 
67 202.9) 133.3. 69.6 0.092) 0.21 0.22 | 65.7 34.3 1.92 68.0 32.0. 2.12 
76 | 328.2, 203.2 125.0 0.089 0.19 0.34 61.9 38.1 1.62 66.2 33.8 1.96 0. 
75 262.0) 182.0, 80.0 0.128 0.173) 0.135 69.5 30.5, 2.28 74.1 2.9 286 
88 1425.0 883.0 542.0 0.140 0.25 0.21) 61.9 38.1 1.62. 65.4 34.6. 1.89 
( 
89 1073.0} 664.0, 409.0 0.134) 0.22) 0.28 | 61.9 38.11.62 68.1 31.9 2.14 
$4 | 960.0 704.0 256.0 0.084 0.150 0.132 73.3 26.7, 2.75 19.0 4.26 10. 
| | | 
Average......... _| 0.104) 0.21 | 0.211) 65.9) 34.1) 1.97 71.4 28.6 2.62 
* Descending boundary. | 12. 
13. 


+t Arbitrary units. 
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analysis of dialyzed whole plasma. ‘Thus it appears that considerably 
more globulin is carried over into the albumin fraction than albumin is 
retained by the globulin precipitate. The recent interesting finding of 
McFarlane (13) that 3.5 gm. of lipids per liter of serum may be removed 
from the 6-globulin fraction of human serum proteins by ether extraction 
in the extreme cold (—25°) probably does not interfere with the above 
interpretation, since the weight of the lipids is undoubtedly included in the 
factor 6.25 used in all older computations. 

Longsworth (14) has found that a fourth peak appears when normal 
human serum is examined in the Tiselius apparatus with a veronal buffer at 
pH 8.6. If this peak, labeled a,-globulin by Longsworth, could be identi- 
fied as a definite globulin, then the discrepancy between the two methods 
would be further increased. 

There appears to be a much better correlation between the sodium sulfate _ 
fractionation and the electrophoretic fractionation in normal than in patho- 
logical sera. Luetseher (2) found from 3 to 16 per cent more albumin in his 
sodium sulfate filtrates than was indicated by the electrophoretic analysis. 
Gutman ef al. (1) found that even greater variations occurred in their study 
of eleven cases of multiple mveloma. 


SUMMARY 


|. In eight normal sera, the sodium sulfate technique assigned 5.2 + 3 
per cent more nitrogen to the albumin fraction than was indicated by the 
electrophoretic analysis. 

2. The correlation between these two techniques is better in normal 
than in pathological sera. 
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TISSUK METABOLISM FOLLOWING SHOCK INDUCED BY 
HEMORRHAGE 


By HENRY K. BEECHER* ann FRANCIS N. CRAIG 


(From the Anesthesia Laboratory of the Harvard Medical School at the Massachusetts 
General Hospital, Boston) 


(Received for publication, March 10, 1943) 


In the many vears surgical shock has been studied by laboratory meth- 
ods, a considerable body of data has accumulated to show that gross 
metabolic abnormalities, understandably enough, accompany the develop- 
ment of shock; these increase as shock persists. Occasionally, attempts 
have been made to link the observed metabolic disturbances with initiating 
and developmental mechanisms of shock. Since these mechanisms are 
poorly understood, it is not surprising that little suecess has attended such 
efforts. 

In all of these previous considerations of metabolic abnormalities in 
shock we find no detailed studies of the effect of shock upon the metabolism 
of specific isolated tissues. Such studies would eliminate confusing factors 
associated with the clinical condition of shock, with its muscular relaxation, 
impaired circulation, and the altered metabolism (Aub (1)) associated 
with anoxia. Aecordingly, it seemed to us advisable to examine the effect 
of shock on excised tissues, to learn whether, after a reasonable period of 
progressing shock, impairment of the enzyme and other svstems concerned 
in cellular metabolism might be demonstrated. 

The observations reported here consist of measurements of oxvgen up- 
take and lactic acid) production by brain cortex, heart muscle, kidney 
cortex, and liver. 

Methods 

Animals — Fittv-seven cats were used. In the study of cerebral cortex, 
kidney cortex, and heart muscle twenty-eight cats were divided into three 
groups: Group | untreated, Group 2 anesthetized with ether, but not bled, 
and Group 3 anesthetized with ether and subjected to shock produced by 
hemorrhage. 

At the suggestion of Dr. C. N. H. Long we have included the liver in this 
investigation. For study of the effect of shock on the liver, twenty-one 
cats were divided as follows: five were untreated, four received ether, four 
were etherized and bled, four received sodium pentobarbital anesthesia, 
and four others received the barbiturate and were bled. 


* Aided by a grant from the Milton Fund of Harvard University. 
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When the animals were anesthetized with ‘‘cone’’ ether, tracheal can- 
nulae were inserted and the anesthesia continued for 5 or 6 hours. When 
the barbiturate was used, the agent was administered intraperitoneally in 
a dose of 40 mg. per kilo. Cannulae were inserted in the femoral arteries 
for blood pressure measurements and withdrawal of blood. All cats were 
fasted for about 16 hours. 

Production of Shock Vhe schedule of bleeding was | per cent of the 
body weight at first, 0.5 per cent after half an hour, and 0.25 per cent every 
half hour thereafter until the blood pressure had fallen to and remained 
below 70 mm. of Hg; then the bleeding was omitted. Shock level pres- 
sures (see Tables I to IV) were maintained for from 1 to 4 hours. We 
had planned to employ a shock period of at least 3 hours in all cases. 
Occasionally, because of the imminence of death, this full period was not 
attained. By the end of this time all animals were in profound shock, 
and several were moribund. The animals were exposed to room air and 
the body temperature allowed to fall, as it does in clinical shock. At 
intervals the rectal temperature was recorded. 

Determination of Oxygen Uptake and Lactic Acid Production Vhe ani- 
mals were killed by decapitation, the heart and a kidney were removed at 
once, and the skull split with a guillotine to release the cerebral hemi- 
spheres. Slices were cut from the outer surface of the brain and kidney, 
while thin lavers of muscle were stripped from the outer surface of the left 
ventricle by a shallow cut with a razor. The tissue was suspended in a 
medium that contained NaCl wy 0.0024 CaCl, 0.0017 M, 
MeCl, 0.00066 mM, and glucose 200 mg. per cent in addition to buffer. In 
order to avoid overlooking possible specific effeets of the buffer (Craig and 
Beecher!), two series of experiments were carried out, one in which the 
medium was buffered with phosphate (Tables I, II], [V), the other, with 
bicarbonate and carbon dioxide (Table IT1), except in the case of the liver 
studies, for which phosphate buffer alone was emploved. 

In medium containing phosphate buffer (Table 1) (NaH.PO, 0.003 m, 
NaeHPO, 0.017 M), oxvgen uptake was determined by the first method of 
Warburg (11). The lactic acid that accumulated in the vessel during the 
preliminary period of introducing the gas and equilibration (10 to 15 min- 
utes) and the experimental period of 2 hours was determined colorimetri- 
‘ally by the method of Barker and Summerson (2). The vessels were 
filled with oxvgen; the shaker rate was 160 per minute. 

In medium containing bicarbonate buffer (Table (NaHCOs; 0.024 Mm) 
both oxvgen uptake and lactic acid output were determined by the second 
method of Warburg (12), the vessels being filled with 5 per cent CQO» in 
oxvgen and shaken at the rate of 120 evcles per minute. 


' Unpublished data. 
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The metabolic data in this paper have been reported on the basis of dry 
weight at the end of the experiment, except for the controls described 


TABLE I 
Effect of Shock on Oxygen Uptake and Lactic Acid Production; Phosphate Medium 


Qo, = ¢.mm. of O, per mg. of dry weight per hour. Mg. per gm. = mg. per gm. of 
dry weight per 2 hours plus the preliminary period. 
Disregarding the preliminary period, one could convert the data for lactic acid 


output to ra (cf. Table II) by dividing by 8. 


Brain Heart | Kidney* 


| 
Experi- | Time Final blood Blood 
ment | under | | cemper-| | drawn Oy 
ure 70mm. Hg uptake Lactic uptake’ Lactic uptake 
acid 
Ist 2nd | Output ist 2nd output ist | 2nd 
hr. hr. | hr. | br. hr. hr. 
Group 1. Untreated 
weight | 
248 11.3 10.6 46 6.86.3 22 | 9.3 9.8 
249 11.3 11.9 61 (8.0/7.2 16 
251 12.9 12.1 59 6.4/4.2 16 88 9.4 
253 9.9 9.9 55 (6.34.9 17 | 9.5 9.8 
30] 1.5 10.0 Si 6.0 5.6 
Average 11.4109 54 685.5 16 8.1 8.5 
Group 2. Ether 
257 6.0 132 34.0 14.0 12.0, 82 4.1' 6.3 
259 6.0 Ys 33.8 13.1)' 11.5: @ 8.2 8.2 
261 6.0 74 33.5 10.9 9.8 57 8.9 8.8 
263 6.0 102 13.0 11.4 74 6.5) 2.4 
Average .... 12.8 11.2 69 7.9 7.8 
Group 3. Ether and hemorrhage 
244 6.6 43 2.0 10.5 9.8 (7.85.5 20 
5.0 30 32.0 10 | 3.0 | 11.9 10.3 '5.33.8 2 5.4) 5.1 
| 6.5 30. 30.5 4.3 14.4 12.0 86 6.05.0) 20 9.5) 9.0 
255 6.0 40 30.0 3.3 


5 14.2 11.9 66 8.76.0 19 10.9 9.6 
7 


bo bo 
~ 


6 5.0 | | 14.4| 12.8 106 7.06.4, 29 7.8) 7.9 
27 | 6.0 18 | 2.0) 25 | 23/120 11.8 6 6.94.6 27 | 8.0 8.1 
et) 4.5 | 10 | 2.8) 2.8 1.5 11.6 10.9 66 7 | 7.5) 8.1 


Average 12.7, 11.4 75 6.95.3) 23 | 8.1/7.9 


* Lactic acid output as determined in each case was zero. 
+ Animal died on the table, shortly after the last blood pressure reading. 
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below. Although some workers prefer as a basis the dry weight at the 
beginning of the experiment, the final dry weight basis has certain ad- 


TABLE II 

Effect of Shock on Oxygen Uptake of Cat Liver; Phosphate Medium 
The Qo, recorded is the mean of duplicates over a 2 hour period. The oe was less 
—than | in every determination or 0.25 + 0.05 for the series of twenty-one. 


Time blood | Final 
Group No. ment'No. , wader below drawn | | tempera. 
hrs. hrs jy mm. Hg 
1. Untreated 368 | §.2 
| | | | 4.9 
370 | 6.0 
371 
| 5.5 
2. Ether 370 6.0 0 0 127 o4.8 | 5.4 | 
0 140 7.1 
3. Ether and 365 6.5 3.0 3.3 60 30.5 6.3 
hemorrhage 370 6.0 3.0 28 $2 33.0 6.3 
372 6.0 3.0 2.0 45 34.0 5.7 
379 5.5 3.0 50 28.5 o.4 
4. Sodium 369 6.0 () 0) 155 37.0 5.6 
pentobarbi- 37] 7.8 0 0) 115 38.0 5.3 
tal 380 4.5 () 0 160 5.7 
3S] 6.0 0) 150 33.0 4.8 | 
5. Sodium 369 5.8 2.8 2.8 30 32.0 6.7 
pentobarbi- 371 2 1.3 4.0 15 30.0 6.6 
tal and 380 4.5 1.5 3.0 30 28.0 5.2 
hemorrhage 38] 6.5 5.0 2.9 42 21.8 
Summary of Liver Data | 
Group No. No. of cats Mean (go, | 
1. Untreated 5 5.6 + 0.25 | 
2. kther | | 4 6.4 + 0.35 
3 “and hemorrhage 4 5.9 + 0.22 
4. Sodium pentobarbital 4 5.4 + 0.20 | 
5. and hemorrhage 4 5.7 + 0.58 | 
Groups 1, 2, 4 (all controls) 13 5.8 + 0.19 


3,5 (all shoék) 09.8 + 0.29 
vantages. Nevertheless, it is conceivable that tissues from animals in 
shock might lose enough more weight while in the Warburg flask than 
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tissues from control animals to give rise to values that are too high and 
thus mask a depressing effect of shock on tissue metabolism. In order to 


TaBLe IV 
Comparison of Initial and Final Dry Weight Bases for Expressing Oxygen Uptake 
Data 
All values represent the mean of six determinations; cat liver slices; phosphate 
buffer. 


Ratios of tissue weights Mean (Vo, for 2 hrs. based on 
nitial wet ‘inal wet ‘inal wet 
Control 
391 5.1 + 0.09 9.0 + 0.09 8242.7 $534 0.10 ,6 + 0.08 
392* 5.7 + 0.14 9.0 + 0.12. SS + 4.3 19+ 0.09 19+ 0.17 
3995 4.9 + 0.10 4.2+ 0.04 4621.2 4.82 0.18 1.3 + 0.07 
397 4.82 0.11 4.4 + 0.06 1.9 + 0.12 0.0 
Average 0.14 1.2 + 0.22 
Shock 
390 6.8 4 0.21 6.8 + 0.13 + 3.3 + 0.14 9.8 + 0.26 
393* 5.2 + 0.12 $8 + 0.16 87 + 3.3 0.0 + 0.19 417+ 0.14 
304 4920.07 | 4.92 0.14 S44 3.9 4.92 0.15 102+ 0.12 
396 5.1 + 0.12 9.3 + 0.165 + 2.1 4.8 + 0.09 $6 + 0.19 
Average 0.18 1.8 + 0.21 
Data for Animals Subjected to Hemorrhage 
Time blood 
Time under ethet weeauve was Blood drawn I inal blood Final rectal 
72mm. Hg pressure temperature 
hrs. hrs. iper cent body weight mm. lle 
390 6.5 | 3.5 2.3 | 60, 31.9 
393 | 5.5 | 3.0 2.6 40 | 32.5 
304 6.5 | 3.9 | 3.4 47 | 29.0 
396 6.0 | 3.0 2.9 39 | 28.0 


* In Experiments 392 and 393, when the tissue had been removed after a 2 hour 
determination, the vessels were replaced in the water bath, refilled with oxygen, and 
the oxygen uptake of the medium followed for an additional hour. No oxygen 
uptake was observed, although the tissues had lost 13 per cent in wet weight and 
the average hourly manometer deflection bad been 9 em. 


test this point for the liver tissue, another series of eight cats Was studied, 
four controls and four in shock. From each liver, slices were cut for twelve 
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Warburg vessels and weighed rapidly on a torsion balance. Six portions 
of tissue were placed in the oven to provide the initial dry weight, while 
oxygen uptake was followed on six additional portions. The wet weight 
of these tissues was determined again at the end of the experiment and 
then the dry weight. The Qo, was calculated on the basis of both initial 
and final dry weights and recorded in Table IV. / 

The Qo, based on the initial dry weight was lower than the Qo, caleu- 
lated in the conventional manner by 11 per cent in the control group and 
by 6 per cent in the shock group, but on either basis there was no evidence 
that shock had any significant effect. 

It will be noted, however, that the mean Qo, for all eight livers (on the 
final dry weight basis) was 4.9 or 16 per cent less than the mean of 5.8 
for all the data in Table If. Unpublished results for heart and brain slices 
show that in these tissues a preliminary 15 minute period of standing at 
room temperature depressed the Qo, by 15 per cent. A delay of this length 
was encountered in the second liver series because slices were cut for twelve 
vessels instead of two, as in the first series, and the shees were weighed 
before being placed in the Warburg vessels. 


Results and Comment 


The data given in Tables I to 1V show no evidence of damage to the 
tissues removed from animals subjected to hemorrhage, hemorrhage that 
amounted in most cases to more than 2 per cent of the body weight. 
Some of the cats in shock at the end of the experiment appeared to be 
In very poor condition, notably in Experiments 246, 252, 297, and 298, 
and vet on transterence to standard conditions 7” vitro, their. tissues 
when compared with the ether controls exhibited no changes that were 
large enough to be significant (as ealeulated for small series from the 
standard error of the mean). 

The light ether anesthesia appeared to render these animals somewhat 
poikilothermic; the temperature fell with time in a nearly linear fashion. 
Since low body temperature is usually a concomitant of shock, we al- 
lowed the temperature to fall.2 Considering the fact that at tempera- 
tures below normal the basal metabolism will be less than it is at 38°, 
it could be argued that the circulation might have been adequate to 
minimize serious tissue hypoxia. ‘The poor, even moribund, condition of 
the animals at the end of the experiments is against this being of major 
importance. 

Further evidence that the tissue removed from the animals in shock 


? When the temperature is maintained at the normal level, as in the experiments 
of Aub (1) on cats in traumatic shock and in those of Schlomovitz et al. (9) on dogs 
in hemorrhagic shock, there is a decrease in total metabolism of 30 per cent or more. 
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was in good condition comes from a consideration of the rate of aerobic 
glycolysis. Lactie acid determinations on blood entering and leaving 
the head indicate that with an adequate supply of oxygen glycolvsis does 
not occur in the intact brain (MeGinty (6)). In brain slices the high 
aerobic glycolysis observed in the Ist hour is usually attributed to dam- 
age suffered in preparation. In the 2nd hour it persists if at all at a 
much lower rate. The decrease in Q@? in brain in shock (Group 3) from 
4.2 to 1.0 is indicative of the satisfactory condition of the mechanism that 
ordinarily prevents the appearance of lactic acid in vivo. The lactic acid 
output of liver was less than a Q?’ of 1 in each case, so that these data are 
not reported in detail. 

For the rate of oxvgen uptake of most organs of the body including 
kidney and resting muscle, the correspondence between data for the intact 
organ and for slices is fairly good (Richardson, Shorr, and Loebel (8); 
Richardson (7)). Brain has been regarded as an exception, for earlier 
work indicated a much higher metabolism itn vivo than in vitro. More 
recently, however, Chute and Smyth (3) have studied the metabolism of 
the isolated, perfused cat brain under conditions in which the activity of 
the corneal reflex was maintained. They reported values of from 10 to 
15 for the Qo, (¢.mm. of Os per mg. of dry tissue per hour) of whole brain, 
necessarily averaging the rates for cortex and for white matter. Krebs (4) 
has given values of from 2.8 to 4.6 for the Qo, of cerebral white matter 
from the rabbit. If about half of the cerebrum is gray matter, it may be 
estimated that the Qp, for cat cortex in Table [is probably more than half 
the value for cortex 7n vive. Hence the reservation should be made that 
the conclusion stated below holds only for the portion of the metabolism 
that persists in vitro. 

Shock did not appear to influence the metabolism of surviving tissue when 
either of the two buffers was used. Our experiments indicate that the de- 
creased basal metabolism of the body as a whole in shock observed by 
others is not necessarily evidence of irreversible damage to the metabolie 
apparatus of the cells. The reduction in metabolic rate associated with 
surgical shock appears to be due in part at least to failure of the cellular 
oxvgen supply rather than to inability of the cells to utilize oxvgen. 

While the following is not pertinent to the chief concern of this paper, it 
is interesting to observe that the data for the control series reveal two 
differences between phosphate and bicarbonate that were large enough to 
be significant. Glvcolvsis in the brain in the Ist hour was twice as great 
in phosphate as in bicarbonate, if differences in method and shaker speed 
are neglected. This may be seen by comparing the data for the ether 
control group in Table III with those in Table V. These were obtained 
by running three vessels in parallel and removing one at the end of the 
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preliminary period, the Ist hour, and the 2nd hour. The Q?? (aerobic 
glycolysis) in bicarbonate was 3.6 ¢.mm. per mg. per hour (1 e.mm. = 
0.004 mg. of lactic acid), which compares with Warburg’s value of 2.5 for 
the rat (13). The value of 7.4 for Q?? in phosphate was higher than one 
would expect but agreed with the results of T'vler and van Harreveld (10) 
on rat brain in phosphate medium, if one attributes to glycolysis the 
glucose utilized in excess of the amount equivalent to the oxygen consumed. 
Our calculated Q? for their data (assuming the dry weight to be one-fifth 
the wet weight) was 8.0 for the adult. 

Furthermore, it is interesting to observe that the rate of oxygen uptake 
in heart muscle declined the 2nd hour more in bicarbonate than in phos- 
phate medium. Working with minced muscle, Krebs and Kggleston (5) 
found the oxygen uptake lower in bicarbonate than in phosphate medium. 


TABLE V 
Rate of Lactic Acid Production by Brain in Phosphate Medium; Group 2, Ether Control 


Lactic acid accumulated at end of, Lactic acid per hr., om, c.mm. per mg. 
Repesienet | mg. per gm. tissue mg. per gm. tissue ‘emee 
No. 

| Ist hr. 2nd hr.* Ist hr. 2nd hr. ist hr. 2nd hr. 
257 22 oS S2 36 24 9.0 6.0 
259 25 53 65 28 12 7.0 3.0 
26) 24 44 a7 20 13 5.0 3.3 
263 26 60 74 14 S.5 3.5 
Average 7.4 4.0 


* These data appear in Table I. 
t See note above Table IIT. 


Kther had two effects on brain that were significant to the extent that 
the difference in the means was 2.5 as great as the standard error of the 
difference. These were increases in glveolvsis in phosphate from 54 to 
69 mg. per gm. and in Qo, in bicarbonate for the Ist hour from 9.7 to 11.7. 


We wish to express our appreciation to Dr. Fritz Lipmann for his kind- 
ness in advising us at many times during this study. 


SUMMARY 


The quantities of oxvgen uptake and lactic acid output by brain cortex, 
heart muscle, kidney cortex, and liver from cats in profound hemorrhagic 
shock were not significantly different from control values. The drop in 
the total resting metabolic rate commonly found in shock is therefore 
apparently not dependent upon abnormality in the peripheral cells in so 
far as this can be determined under the conditionsof these experiments. 
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THE METABOLISM OF ACETOPYRUVIC ACID* 


By ALBERT L. LEHNINGER 


(From the Department of Physiological Chemistry, Medical School, University of Wis- 
consin, Madison) 


(Received for publication, February 26, 1943) 


In 1937 Krebs and Johnson proposed that acetopyruvie acid (a@,y-di- 
ketovaleric acid) may be an intermediate in the biochemical synthesis of 
ketone bodies from acetic and pyruvie acids (1). Their data showed that 
the svnthetie compound was utilized readily and was quite active as a 
ketone former, when incubated with excised tissue slices. However, there 
are no turther observations in the hterature on the metabolism of this 
compound either in the intact animal or in excised tissues; the compound 
apparently has never been isolated from or shown to be present in any 
natural source.! 

It was the purpose of this investigation to study several aspects of the 
metabolism of acetopyrauvie acid in intact animals in order to supplement 
the results obtained gm vitro by Krebs and Johnson, as well as to furnish 
data which might be more comparable to similar data obtained on the 
known true metabolites vzvo. 

In preparation for this program, the synthesis, reactions, and some 
derivatives of acetopyvruvie acid have already been studied in this labo- 
ratory (3, +4). 


EXPERIMENTAL 


Acetopyrucic Acid ‘The compound was prepared as previously described 
(3) and was purified by sublimation under diminished pressure (60° at 
12 mm.), followed by desiccation over phosphorus pentoxide and recrystal- 
lization from anhvdrous carbon tetrachloride. This process was repeated 
twice. It was found that any trace of vellow or brown color in the crystal- 
lized acid invariably led to toxic signs when a solution of the sodium salt 
Was Injected intravenously. 


Thisis an abbreviated account of a portion of a thesis submitted to the Graduate 
Schoolof the University of Wisconsin in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. The work was conducted under the general super- 
vision of Professor Ek. J. Witzemann. 

‘Since this paper was submitted for publication, an interesting report by Fosdick 
and Rapp has appeared (2). They have isolated a-keto-y-hydroxyvalerice acid (a 
reduced form of aeetopvruvic acid) from the products of fermentation of pyruvie acid 
by Staphylococeus albus. This observation confirms the possibility that acetopyruvic 
acid may actually be a naturally occurring intermediate metabolite. 
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The solutions used in the experiments were made up by weight from the 
pure compound, followed by filtration. The filtrate should be colorless 
and water-clear. Neutral solutions were made up by titrating water solu- 
tions of the pure acid with sodium hydroxide to pH 7.4 (with glass electrode 
and potentiometer). 

Determination of Acetopyruvic Acid Krebs and Johnson (1) determined 
acetopyruvie acid manometrically, using veast carboxvlase in the form of 
Lebedev extract. However, this method was found to be limited in appli- 
eation and did not provide any differentiation from other a-keto acids. A 
method was devised for the determination which ts based on the alkaline 
hydrolysis of acetopyruviec acid to acetone and oxalic acid (3). The oxalic 
acid formed was determined by a modification of the Merz and Maugeri 
method (5). Since oxalic acid as such already exists in blood and urine, 
an appropriate blank experiment is subtracted from the total oxalic acid 
values to give the amount of oxalic acid formed from acetopyvruvic acid, 

The procedure follows. 

Blood—10 ml. of blood were drawn into a cold svringe and quickly ejected 
with stirring into 10 ml. of 20 per cent trichloroacetic acid solution, contain- 
ing 0.1 ml. of 30 per cent sodium iodoacetate and 50 mg. of sodium fluoride, 
After 30 minutes the mixture was diluted with 20 ml. of water, stirred, and 
filtered through drv paper. ‘The residue was washed with 10 ml. of water 
and the combined filtrates made up to volume. 

lrine—0.5 volume of 20 per cent trichloroacetic acid solution was added 
to each volume of urine; the solution was filtered after 30 minutes and the 
precipitate, if there was anv, was washed. The combined filtrates were 
made up to volume. 

Analysis of Filtrate--An aliquot of the filtrate was made strongly acid 
with 50 per cent HeSO, and extracted with ether in a small Kutscher- 
Steudel type of continuous extractor until all the acetopyruvic acid was 
extracted (the time and rate of extraction must be determined previously 
for each apparatus; the partition coefficient = Co, xs Creo) for 
acetopyruvie acid at 25° is 1.56). This procedure is necessary to separate 
acetopyruvie acid from glucose, since the latter forms calcium-precipitable 
compounds on treatment with alkali. It also serves for the separation of 
the major part of the preexisting oxalic acid present in the sample, since 

all the acetopyruvie acid is extracted before much oxalic acid is removed. 
The ether extract was transferred quantitatively to a 50 ml. centrifuge tube 
and the ether evaporated off under a hood. ml. of O.O1 M NasH PO, solu- 
tion was added to the residue, followed by 1 ml. of 8 N NaOH added drop- 
wise with swirling. The mixture was allowed to stand at 37° for at least 
10 hours to effeet complete hydrolysis to oxalic acid and acetone. — 1 drop 
of brom-cresol purple indicator (0.1 per cent) was then added and _ the 
contents of the tube carefully titrated to the transition shade of the ind)- 
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eator (pH 5.2 to 6.8) with 3 N HCI. Finer adjustment was made with 0.1 
n acid or base so that the solution was left about 1 drop to the acid side 
of the indicator (pH 4.6 to 5.2). A volume greater than 10 ml. was avoided. 
1 ml. of 10 per cent calcium chloride solution was added and the tube al- 
lowed to stand overnight. 2 drops of a saturated Ca(OH), solution, 
followed by 1 drop of 5 per cent MgCl. solution, were then added to the tube 
without stirring. The magnesium hydroxide formed aided in insuring a 
compact precipitate on centrifuging. The mixture was then centrifuged 
and the supernatant liquid carefully poured off. The precipitate was 
washed with 1 ml. of water, centrifuged, and the supernatant discarded. 
To the residue were added 5 ml. of hot (70-80°) 10 per cent sulfuric acid 
with stirring until solution was effected. Some calcium sulfate sometimes 
remained insoluble, even after dilution with water. A drop of 1 per cent 
MnSQ, solution was added as catalyst and the oxalic acid content of the 
tube titrated with standard 0.01 N permanganate solution to a 30 second 
end-point. Blank determinations (for whatever preexisting oxalic acid 
eame over in the ether extraction) were performed by taking up the ether 
residue of a duplicate sample in 5 ml. of water and adjusting the pH of the 
contents as described above. 1 ml. of 10 per cent CaCl}, solution was added 
and the blank treated as further described above, beginning at the point 
of the addition of calcium chloride. This titration value is subtracted 
from the total oxalie acid titration to obtain the amount due to aceto- 
pyruvic acid alone. 

Caleulation-—1 ml. of 0.OLOO N potassium permanganate is equivalent to 
0.650 mg. of acetopvruvie acid, 

Recovery—KKnown amounts of acetopyruvie acid added to blood and 
urine were analyzed by the above procedure. The recoveries (Table I) 
show that the method is accurate to within 10 per cent and has a practical 
range down to 0.2 mg., or 2 mg. per cent of acetopyruvie acid. 

The method was found to be fairly specific; the following compounds 
when added in a concentration equal to that of acetopyruvic acid in urine 
filtrates showed no interference greater than the observed experimental 
error of the method: lactie, pyruvic, succinic, malic, 
oxalacetic, fumaric, acetoacetic, citric, malonic, acetic, butvrie, urie, hip- 
puric, and caprvle acids, leucine, arginine, glycine, creatinine, urea, and 
sodium 8-glycerophosphate. 

In cases in which glucose or carbohydrate ts known to be absent, ether 
extraction tis obviously not necessary. 

The method is naturally subject to the limitations of the oxalic acid 
method used, but it was found to be adequate for the studies reported. — It 
is not sensitive enough to detect the presence of any naturally occurring 
acetopyruvie acid in blood, if the compound indeed occurs in blood. 

Toxicity of Acetopyruvic Acid ~The administration of approximately 
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isotonic solutions of sodium acetopyruvate in moderate amounts by the 
intravenous, intraperitoneal, and subcutaneous routes, as well as bv stom- 
ach tube, to various laboratory animals produced no toxic signs. 

Amounts up to 0.5 gm. of the sodium salt could be given to rats by stom- 
ach tube in 5 to 10 per cent solution without signs of damage to stomach or 
intestinal mucosa or anv gross toxic manifestations. Oral administration 


TABLE I 
Determination of Acetopyruric Acid in Pure Solutions and in Blood and Urine 
The solutions used were made up accurately by weight; the blood and urine analy- 
ses were performed on defibrinated blood and fresh urine to which had been added 
accurately weighed amounts of acetopyruvie acid. Blank determinations of pre- 
formed oxalic acid have been subtracted from the figures given below. 


Weight of acid in 10 ml. aliquot used Acid found Error 
me me. per cent 
Pure solutions 2.60 2.51 —3.5 
2.60 2.54 —2.2 
1.95 2.04 +4.3 
1.95 1.9] —-2.0 
1.30 1.36 
1.30 | .3o 
0.8] O.S4 
O.S4 
0.40 
0.40 0.37 -7.4 
0.13 O.10 - 23.0 
0.13 
Blood 2.60 2.72 + 4.2 
1.95 2.0) 3.0) 
1.30 1.34 +2.7 
1.4 
0.40 0.39 2.4 
0.10 0S 20.0 
[rine 2.60 2.6) 
1.95 1.98 -1.7 
1.30 |. 34 
1.30 1.30 0 


of the free acid in 5 per cent concentration produced definite erosion and 
hyperemia of stomach mucosa. This was expected, however, since the pH 
of such a solution is approximately 1.3. 

The intravenous administration of more concentrated solutions of sodium 
acetopyruvate (7.e, 20 ml. of a 5 per cent solution) to dogs or rabbits over a 
period of a minute evoked respiratory distress, increased heart rate and 
blood pressure, and sometimes resulted in convulsions, followed by death. 
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This untoward reaction may be associated with the fact that aceto- 
pyruvic acid apparently binds calcium ions in complex form (1) and also 
forms an insoluble salt with calcium (3); other hazards of the intravenous 
route are well known. However, in less concentrated solutions these effects 
were at a minimum. It should be stated also that the presence of a yellow 
or brown impurity in the crystallized acetopyruvie acid invariably resulted 
in convulsions and respiratory distress. 

It was concluded that the pure compound is non-toxic in moderate doses. 
kacretion of Acetopyruvie Acid after Its Administration to Animals 
Known amounts of sodium acetopyruvate were given to rats by stomach 
tube, guinea pigs by intraperitoneal injection, and to a dog by stomach 
tube after a preliminary fasting period of 24 hours. Analyses of the urine 
(collected trom the animals in metabolism cages and preserved with 
toluene) of the two subsequent 24 hour periods were pertormed for excreted 


TABLE II 


Kkacretion of Administered Acetopyruvic Acid 


ment Animal* Weight Route Dose urinary | vic 
No. N 48 hrs. creted 
m 
Rat (4) 150-202) Oral 0.50 0.087 0.0031 3.5 
(3) 152-193 0.080 
2 (juinea pig (4) 350-407) Intraperitoneal 0.25 0.131 0.0023 2.4 
a (4) 361 401 0.137 
3 Dog (1) 2410 Oral 0.50 1.89 0.0210 2.3 
(1) 2590 2.01 


* The figures in parentheses refer to the number of animals in each group. 


acetopyruvie acid. Only water was allowed during the 3 day period. 
Total nitrogen was determined by the Kjeldahl procedure. Urines of 
control animals were similarly examined. The results are shown in 
Table IT. 

In another series of experiments, conducted on rats, the influence of 
lasting on the excretion of acetopyruvie acid was studied. The rats were 
given 250 mg. of acetopyruvie acid (as the sodium salt) by stomach tube 
per day (in four divided doses) for 6 days. On the Ist and 2nd days they 
received water and standard Purina chow ration ad libitum; on the 4 
succeeding days, only water. The urines were collected and analyses of 
acetopyruvie acid excretion performed on the dailv urine of each rat, as 
well as of control rats. These data are shown in Table Ill. Reeovery ot 
administered acetopyruvic acid in no case amounted to more than 4 per 
cent. On tasting, the amount excreted increased gradually. 
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There was no imbalance in nitrogen metabolism as evidenced by urinary 
total nitrogen. Also, there was no evidence of detoxication; acid and basic 
hydrolysis at 100° produced no substantial change in oxalic acid values, 
Kxtraction of the pooled and hydrolyzed urines with ether revealed no 
unexpected constituents nor was there any evidence of abnormal excretion 
of lactic, pyruvic, and glycuronic acids or glycine as revealed by qualita- 
tive tests. 

The question arose as to whether acetopyruvic acid was broken down by 
either the tissues or by intestinal microorganisms to oxalic acid, since the 
compound can be degraded in this manner in strongly alkaline solutions, 
Simultancous determinations of oxalic acid, in this case, should vield some 
information about this possibilitv. The ‘blank’? determination of oxalic 
acid used in the determination of acetopyvruvie acid obviously does not 
give any measure of the total preexisting oxalic acid, since most of it has 

TasBie [I] 
Excretion of Administered Acetopyruvic Acid by Rats on Normal Diet and in Fasting 


250 mg. of acetopyruvie acid were given in four divided doses per rat per day by 
stomach tube and the daily urinary excretion determined. 


Per cent recovered in urine 


Total 
Rat No Normal diet Fasting 
1.50 gm.) 
Ist day 2nd day Ist day 2nd day 3rd day 4th day 
gm. 
0.1 0.0 1.9 3.0 0.078 
3 0.3 O.4 0.5 0.054 


been separated in the course of the ether extraction. Therefore, separate 
determinations of preexisting oxalic acid were made by the Merz and Mau- 
geri method, the calcium oxalate being precipitated at pH 5 in order to 
avoid simultaneous precipitation of calcium acetopyvruvate, which begins 
at pH 6. 

Determinations of oxalic acid and acetopyvruvie acid on the urines of 
control rats and rats given acetopyruvic acid, under the same conditions 
as the experiments in Table II, were performed. The results, on a series 
of four animals in each group, showed that the controls excreted between 
0.2 and 0.9 mg. of oxalic acid over the 48 hour period, but no measurable 
amount of acetopyvruvic acid. The rats receiving acetopyruvic acid ex- 
creted between 0.4 and 3.7 mg. of oxalic acid and between 2.9 and 4.2 mg. 
of acetopyruvic acid over the 48 hour period. It is clear that the adminis- 
tration of acetopyruvie acid results in a small increase in oxalic acid 
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excretion. ‘This increase amounts at the most to about 2.5 per cent of the 
oxalic acid that could be formed from the acetopyruvic acid given. Since 
administered oxalic acid is largely excreted by the rat (6), it is not likely 
that anv great amount of oxalic acid is formed from acetopyruvic acid. 

A similar experiment to test completeness of absorption from the intes- 
tine and also to determine the possibility of the production of oxalie acid 
from acetopyruvie acid by intestinal flora was performed. ‘Two rats (150, 
176 gm.), previously fasted for 24 hours, were given 1 gm. per kilo of body 
weight of sodium acetopyvruvate in 0.25 M concentration by stomach tube. 
The rats, along with two control rats (given an equivalent amount of so- 
dium bicarbonate) were sacrificed 12 hours later and the entire alimentary 
eanal washed out with warm 0.0L N HoSO,. The washings were treated 
with trichloroacetic acid, made up to volume, and analyzed for oxalic 
acid and acetopyruvie acid. The control animals showed 2.1 and 1.7 mg. 
of oxalic acid for the entire intestinal contents and no demonstrable aceto- 
pyruvic acid. ‘The rats receiving acetopyruvic acid showed 2.9 and 2.2 mg. 
of oxalic acid and 4.2 and 6.9 mg. of acetopyvruvie acid. Little if any 
oxalic acid is found in excess of the control values. Only about 3 per cent 
of the acetopyruvie acid given remained in the alimentary canal 12 hours 
after administration. 

As a corollary experiment, the rate of removal of acetopyruvie acid from 
the blood stream of dogs was also studied, following intravenous injection. 
Description of a typical experiment follows. A bitch weighing 5.6 kilos 
was given 1.00 gm. of sodium acetopyruvate in 2 per cent solution intra- 
venously over a period of 5 minutes. There was some respiratory distress. 
Blood samples were removed at 0, 0.5, 1.0, 1.5, and 2.0 hours and deter- 
minations of acetopvruvie acid and pvruvie acid (7) performed. Curves 
showing the drop in blood acetopyruvate and the increase in the blood 
pyruvate, and a typical curve of lactic acid removal for the purpose of 
comparison are given in Fig. 1. Acetopyruvie acid does not interfere 
measurably with the determination of pyruvic acid used (acetopyruvic 
acid forms 1-(2,4-dinitropheny!)-5-methylpvrazole-3-carboxylic acid with 
2,4-dinitrophenylhvdrazine (3), which is not appreciably extracted by 
sodium carbonate solution from ethyl acetate). 

The rate of removal of acetopyruvic acid from the blood is apparently 
quite comparable to the rate of removal of lactic acid, a true metabolite. 
The increase in blood pyruvic acid was small but consistent in four experi- 
ments and possibly indicates a conversion of acetopyruvic acid to pyruvic 
acid. There was no measurable increase in blood oxalic acid after injec- 
tion of the acetopyruvate. 

Ketogenesis from Acetopyruvic Acid—lIn their in vitro study, Krebs and 
Johnson demonstrated that acetopyruvie acid is ketogenie with tissue 
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slices. It seemed desirable to determine whether and to what extent 


ketogenesis takes place in vivo. 

The technique used resembled that employed by Deuel and associates (8), 
Fight female rats, weighing from 200 to 250 gm., were divided into two 
groups. ‘The animals were maintained on a normal stock ration for the 
first 2 days, followed by a 4 day fasting period. ‘The daily urines were 
collected in metabolism cages. At the end of 24 hours of fasting 5 ml. of 
0.25 M sodium acetopyruvate were given by stomach tube to the rats of 
one group; this dose was repeated at 39, 48, 64, 72, 84, 96, and LOS hours. 

Ketone body analvses of the urine were made by the method of Van 
Slyke (9). Acetopyruvie acid was also determined. The ketone body 
analyses had to be corrected by subtraction of blank ketone analvses of 


— 


Time 


Fig. 1. Removal of acetopyruvie acid from the blood of the dog én with simul- 
taneous increase in blood pyruvic acid, showing also a typical curve of lactic acid re- 
moval from the blood. Curve A, lactic acid; Curve B, acetopvruvie acid; Curve C, 
pyruvie acid. 


solutions of acetopyruvic acid made up to correspond to that concentra- 
tion known to be present in each sample, since acetopyruvic acid in part 
hydrolyzes to acetone and calcium oxalate in Van Slyke’s copper-lime 
treatment. 

The data, in Table 1V, show that a tasting ketosis is greatly augmented 
by the administration of acetopyruvic acid. There was no ketonuria from 
acetopyruvie acid when the animals were on a normal diet. 

The Question of Glycogenesis from Acetopyruvic Acid -It seemed desirable 
to determine whether acetopvruvie acid forms liver glycogen in fasting rats. 

Female rats about 3 to 4 months of age were fasted for 48 hours and di- 
vided into two groups. ‘The animals in the experimental group were given 
4 ml. of 0.30 mM sodium acetopyruvate solution at 0, 4.5, 10, 21, 30, 34, and 
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40 hours. The control rats received equivalent amounts of sodium bicar- 
honate in an identical manner. At 46 hours the rats were weighed and 
given 90 mg. per kilo of sodium amytal intraperitoneally. After 30 
minutes, the livers were quickly removed and weighed and liver glycogen 
determined by the method of Good, Kramer, and Somogyi (10); the sugar 
titration of Shaffer and Hartmann (11) was used. 

Parallel experiments were run on ethyl acetopyruvate and glucose, which 
were given in a single dose at 38 hours. The ester (0.25 gm.) was given 


TasBLe IV 
Ketogenesis from Acetopyruvic Acid 

Acetopyruvie acid was administered as described in the text and the daily excre- 
tion of ketone bodies as well as acetopyruvie acid was determined. Total ketone 
hodies are expressed as mg. of acetone excreted per rat per day, acetopyruvic acid as 
mg. excreted per rat per day. The figures in parentheses are the corrections which 
had been subtracted from each ketone figure due to interference of acetopyruvic 
acid (in terms of mg. of acetone per rat per day). 


Ketone body excretion Acetopyruvic acid excretion 
—_ Normal Fasting Normal Fasting 
Ist 2nd 3rd e aon =e Ist 2nd ird 4th Sth 6th 
day pote ri #th day Sth day 6th day day day day day day day 
C‘ontrols 
em. 
253 06.0 :0.30: 0.71 2.40 0.0: 0.0; 0.0 0.0 0.0 
240 6.6: 0.39 O.S9 1.91 2.62 
26) 0.0 O.1 () 42 2.82 


42; 3.12 2. 
Animals receiving acetopyruvic acid 


270 0.0 0.0 0.30: 2. | 16.9 | 24:2 | 0.0 | 0.0} 3.9 | 2.6) 6.4 
(0.90) (2.3) (4.1) | 
232 0.0 0.0. 0.23) 2.40 | 14.8 | 16.0 | 0.0; 0.0 0.1) 3.1] 4.2 8.9 
| (0.59) (1.9) (8.4) | 
6:6: 6.2. 17.0 15.0 6:0:1 0:1: 1 6.2) 


suspended in 5 mi. of water; the dose of glucose was 5 ml. of a 20 per cent 
solution. 

The collected data are given in Table V. 

As expected, there was no significant increase in per cent of liver glycogen 
after administration of acetopvruvate over control values, showing that 
there is no appreciable formation of liver glycogen under these conditions 
from acetopyruvie acid. The ethyl ester likewise was not glvcogenic; 
glucose produced the expected increase in glycogen. 


| 

| 
= | 
ra- | 
art | 
me | 
ed 
m | 
le 
id | 


402 METABOLISM OF ACETOPYRUVIC ACID 


In order to check this observation under widely different conditions, 
some experiments on the protective action of acetopyruvie acid against 
death by insulin hypoglycemia were performed. MaclXay and his asso- 
ciates have used this method with success in testing the glycogenic action 
of citrie acid (12). 

Female rats, 3 to 4 months of age, were fasted for 24 hours. They were 
then given 10 units of insulin (Lilly’s iletin U-40) subeutaneously per sq. 


TABLE V 


Liver Glycogen Level in Fasting Rats after Administration of Acetopyruvic Acid 


: Body weight Liver glycogen 
Experiment No. | | — 
mum Average mum mum Average mum 
Rm. gm. gm. per cent percent per cent 
193 210 221 60 | 6.22149 
2. Acetopyruvie acid. ...... 191 212 230 0.05  O.11 0.21 
3. Ethyl ester. . eae 4 189 217 231 0.04 0.09 | 0.23 
3 193 210 229 0.79 0.89 1.02 
TaBLe VI 
Protective Action of Acetopyruvic Acid against Insulin Hypoglycemia 
Experiment No No. in Body Body surface Time of death 
gm. sq. dm, hr. 
1. Controls 12 158-198 | 3.30-3.89 | 5.5, 5.4, 6.3, 6.3, 4.8, 6.1, 6.2, 


6.0, 6.5, 6.7, 3.8, 4.3; average 
5.7 + 0.9* 
2. Acetopyruvie acid: 10 166-196 | 3.40-3.78 | 7.8, 8.3, 8.5, 7.5, 10.0, 10.9, 
11.0, 11.8, 10.6, 14.2; average 
10.1 + 2.0* 
3. HCl (same pH as; 4 | 190-200  3.74-3.89 4.3, 4.3, 4.4, 4.6; average 4.4 
acetopyruvic 
acid given) 


* The standard deviations of these observations are ineluded. 


dm. of body surface (13) at O hour. The experimental animals were then 
given 1.0 ml. of 0.25 M acetopyruvie acid per sy. dm. of body surface by 
stomach tube at 1.5 hours. A control group received water, and another 
group, 1.0 ml. of 0.052 xn HCl (same pH as acetopyruvie acid) per sq. dm. 
of body surface at 1.5 hours to control the high acidity of the acetopyruvie 
acid as a factor. The time of death of the animals was noted. The data 
are given in Table VI. 

It is clear from the data that there is a definite prolongation of life. 
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Actually, the high acidity of acetopyruvic acid may have obscured a poten- 
tially greater prolongation of life. The relief was quite noticeable on obser- 
vation of the animals. The protective action of some compounds against 
insulin has been interpreted as due to the formation of glucose, which 
relieves the hypoglycemic condition, and hence the protective action may 
be a criterion of the sugar-forming ability of the compound administered. 


DISCUSSION 


Although it is not known whether or not acetopvruvie acid actually is 
formed as an intermediate In mammalian tissues, the suggestive data of 
Krebs and Johnson, supplemented by the data here reported, show that 
the compound is metabolically very active and contorms to other criteria 
of a true metabolite; namely, rapidity of utilization, and conversion into 
other known true metabolites, such as the ketone bodies and possibly 
pyruvic acid or glucose. 

A very interesting possibility is also suggested by the data here reported. 
If acetopyruvie acid is an intermediate in the synthesis of 2-carbon frag- 
ments into ketone bodies (14), then the circumstances of the subsequent 
metabolism of acetopyruvie acid may in part reflect the terminal metabo- 
lism of fattv acids. This possibility has been discussed by Witzemann (15) 
and it seems unnecessary to reproduce here the ideas developed in his 
publication. 

The non-formation of glycogen in fasting and the protective action 
against insulin hypoglycemia present an anomalous situation. The ex- 
planation may lie in two different mechanisms of breakdown, which may 
exist under these two different metabolie conditions: 


Ketosis—CH,COCH COCOOH CH,COCH. COOH 4+ CO, 
Ketone bodies 
Hupoaglycemia—C TL COCH,.COCOOH CH.COCOOH + 2CO, — glucose 
Pyruvie acid 


It is interesting that this behavior might have been predicted from the 
results of the oxidation of acetopyruvic acid by potassium permanganate 
m vetro which were previously reported (3). 

This situation is not entirely novel; Butts ¢fa/. (16) have reported that 
isoleucine is also both ketogenic and glycogenic. The similarity in strue- 
ture of isoleucine and acetopyruvie acid is striking. 

Facilities were not available tor a more complete study of liver glvcogen 
formation, such as the studies of Maehay and associates (17) on the time 
factor in glycogen formation. Further study of this point may be desirable. 
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SUMMARY 


1. Acetopyruvic acid is non-toxic in moderate doses and is easilv ab- 
sorbed from the alimentary canal. Onlv a very small percentage of the 
compound can be recovered from the urine after its oral or parenteral 
administration to laboratory animals. After intravenous injection of the 
compound the rate of its removal from the blood stream is comparable to 
that of injected lactic acid. There is a small rise in the concentration of 
pyruvic acid in the blood after injection of acetopyruvic acid, 

2. The compound is ketogenic in the fasting state; it does not form 
liver glveogen under these conditions. 

3. Acetopyruvie acid shows a protective action against death by insulin 
hypoglycemia, suggesting a possible conversion to glucose during 2 critical 
demand on blood sugar. 

4. The possible réle and apparent pathways of metabolism of acetopyru- 
vic acid are pointed out. 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 


I. THE NORMAL COMPOSITION OF LIVER AND MUSCLE LIPIDS OF 
THE RAT, WITH A NOTE ON THE ANALYTICAL PROCEDURES* 


By CAMILLO ARTOM anp WILLIAM H. FISHMAN 


(From the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina) 


(Received for publication, February 11, 1943) 


As phospholipids are fundamental constituents of living systems, it may 
be reasonably assumed that the normal composition of phospholipids in 
tissue is essential for the well being and the proper functioning of the organ- 
ism. Therefore, a study of the dietary factors which may be involved in 
the maintenance of such a normal composition would appear to be impor- 
tant from the nutritional view-point. However, in this respect the present 
information is at best only indirect or fragmentary, possibly because pre- 
vious investigators! have been chiefly concerned with the formation ot 
phospholipids and their réle in the transport and intermediary metabolism 
of fattv acids. Moreover, in most cases the total phospholipids alone have 
been evaluated. Only a few data on the choline content of the liver (4, 5) 
or of extracts of liver lipids (6, 7) were reported. 

We have undertaken a systematic study of the relation of the diet to 
the composition of tissue phospholipids of rats. For such a study, a rather 
complete knowledge of what may be considered the “normal composition” 
is essential. In this connection the available data appear to be inade- 
quate, especially in so far as individual phospholipids are concerned. 

Accordingly, standard procedures have been combined and modified in 
a scheme of analvsis which was intended to give the greatest possible 
amount of information and still be compatible with routine work. With 
this scheme, a series of determinations was made on rats* 2 to 3 months old 
maintained on a mixed diet adequate for growth and health. Values were 
obtained for total phospholipids, choline-containing and non-choline-con- 


* Aided by grants from the Dazian Foundation for Medical Research and from 
the John and Mary R. Markle Foundation. 

For a complete bibliography, the reader is referred to the articles on fat metabo 
lism in the ‘‘Annual review of biochemistry’’ and to other review papers (1-3). 

*It seemed that ‘‘normal values’? obtained from these animals would not be 
affected by the previous dietary history, as may be the case in recently weaned rats. 
On the other hand, any fundamental change in the composition of tissue phospho- 
lipids caused by an experimental diet would possibly appear sooner in growing 
animals than in the mature adult. 
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taining phospholipids, sphingomyelins, non-phospholipid fatty acids, and 
unsaponifiable matter. For our analyses, liver and skeletal muscle were 
chosen, as the phospholipids of these two tissues show different rates of 
metabolism and might also have dissimilar physiological rdles, at least part 
of the phospholipids in the liver being “‘lipometabolic,’’ whereas those in 
the muscle are probably of the “protoplasmic” or structural type (8, 9), 


EXPERIMENTAL 


Male albino rats of the same strain were raised on a stock diet to about 
125 gm. This diet,’ of both animal and vegetable origin, contained 25 
per cent protein, 5.5 per cent fat, 4 per cent carbohydrate, 11.25 per cent 
ash, and adequate amounts of vitamins. With such a diet, rats of between 
90 and 125 gm. exhibited an average daily gain in weight of about 4.0 gm. 

The animals were killed by decapitation. The liver and the muscles of 
the hind legs (freed as completely as possible from visible fat and nervous 
tissue) were each divided into two portions and minced under aleohol. One 
sample (1.5 to 2.5 gm. of liver, 2.5 to 4.0 gm. of muscle) was used for the 
choline, phosphorus, and sphingomyelin determinations, the other for the 
evaluation of the total fattv acids and unsaponifiable matter. 


Methods 


Extraction of Lipids —Vhe sample, dehydrated by alcohol, was ground in 
a mortar and extracted with several portions, first, with boiling alcohol and 
next with aleohol-ether (2:1). The filtered extracts were reduced by 
evaporation on the water bath to a few cc. and the residue dried under a 
stream of nitrogen in a vacuum desiceator at 45°. The dried residue and 
the corresponding tissue remaining after extraction were treated with hot 
chloroform, the chloroform mixture filtered, and the filtrate brought to a 
definite volume. 

The effectiveness of the extraction process was verified (a) by the close 
agreement of phosphorus and fatty acid values in extracts prepared either 
by the procedure described or by extracting another sample of the same 
tissue with boiling alcohol for 8 hours in a continuous extraction apparatus 
of the Kumagawa-Suto type or (6) by submitting the tissue, after extrac- 
tion of the lipids, to a direct saponification with NaOH in alcohol. The 
residual fatty acids usually represented less than 1 per cent and never more 
than 2 per cent of the total fattv acids present in the extracts. 

Total Phospholipids ~Yhese have been evaluated from their phosphorus 
rather than from their fatty acid content because of the greater convenience 
of phosphorus determinations in routine analyses. However, the caleula- 

> Rockland rat diet (complete), supplied by the Arcady Farms Milling Company, 
Chicago. 
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tion of total phospholipids on the basis of the theoretical amounts of phos- 
phorus in pure phospholipids would have been incorrect, as noticeable 
amounts of phosphorus-containing substances, other than phospholipids, 
are present in lipid extracts prepared from animal tissues (10). Such 
contaminating substances, although to a large extent precipitable by ace- 
tone + MgCh, do not contain fatty acids (11, 12). 

With the object of evaluating an empirical factor for the ratio of the 
phospholipids to phosphorus, the phosphorus was first determined on a 
fraction of the chloroform extract by Tisdall’s method (13), the indications 
given by Kirk (14) being followed. On another portion, three successive 
precipitations with acetone + MgCle were made, and the fatty acids of the 
precipitate determined acidimetrically with a semimicroprocedure, pre- 


TaBLe | 
Ratio of Phospholipids to Phosphorus in Lipid Extracts from Rat Tissues 


Fatty acids i - Corrected factor 
ppt. mg. P 
mw me. 

Liver (whole organ) 0.224 4.02 23.1 
0.242 4.50 22.3 
0.335 23.9 
0). 266 3.18 21.3 
0.377 6.77 23.1 
Muscle (10 gm.) 0.226 3.94 23.8 
25S 4.84 22.1 
0). 229 4.11 23.1 
0.226 4.34 21.6 

Average 22.70 + 0.9 


* Millimoles of fatty acids 280 100/67.5. 


viously described (15). From the fatty acids, the total phospholipids were 
calculated, assuming an average content of 67.5 per cent fatty acids in 
tissue phospholipids (corresponding to a mixture of about 93 per cent 
monoaminophospholipids and 7 per cent sphingomyelins). 

The ratio of total phospholipids to phosphorus is rather constant, as 
shown in Table I. The average value 22.7 has, therefore, been adopted in 
all our experiments for calculating the total phospholipids from the phos- 
phorus content of the chloroform solution. 

Choline-Containing and Non-Choline-Containing Phospholipids —Choline 
phospholipids (lecithins and sphingomyelins) have been evaluated from 
the choline content of the chloroform extracts. Non-choline phospholipids 
(“cephalins’’) were estimated by difference between the total and the cho- 
line-containing phospholipids. 
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For the choline determinations, an aliquot of the chloroform solution, 
after removal of the solvent, was refluxed for 3 hours with 5 ce. of a 6x 
solution of HC] in methanol (16) and the methanol removed under reduced 
pressure at 55°. The residue, thus obtained, was dissolved in 5 ec. of 
water and filtered and the volume of the filtrate noted. Unlike Erickson 
et al. (17), we obtained perfectly clear filtrates by the use of properly pre- 
pared asbestos filters. Choline was then precipitated as the enneaiodide 
and the precipitate separated and washed as described by Erickson ef al, 
(17). Finally the precipitate was dissolved in chloroform, titrated with 
0.005 N thiosulfate solution, and the amount of choline and choline phos- 
pholipids caleulated according to Kirk (14). 

Sphingomyelins—An aliquot of the chloroform solution Was evaporated 
to dryness, redissolved in | cc. of methanol, and the sphingomyelins pre- 
cipitated with an acid solution of Reinecke salt (Kimer and Amend), the 
phosphorus content of the precipitate finally being determined. For the 
precipitation, washing, and re-solution of the precipitate, the directions 
given by Erickson et a/. (17) were followed. 

However, unlike the results obtained by these authors, when the rein- 
eckate obtained from the liver and muscles of rats, after being washed with 
cold methanol and ether, was further washed with cold acetone, we obtained 
considerably lower values for the sphingomyelin phosphorus. A) similar 
observation has been reported by Hunter (18) in the course of sphingo- 
invelin determinations in the tissues of cats. 

In addition, comment on another point is necessary. All authors who 
have used Reinecke acid as 4 precipitating agent tor sphingomvelins (16-22) 
have admitted implicitly that by washing the precipitate with ether the 
complete elimination of all lipids other than sphingomyelins would be at- 
tained. Such an assumption is questionable. Partially oxidized lecithins 
and cephalins, which probably appear in the extract during the various 
manipulations, may be very poorly soluble in cold ether. Inasmuch as 
these substances would be redissolved with the sphingomyelin reineckate 
in the final treatment with hot methanol-acetone, values in excess of the 
true sphingomyelin phosphorus present would be obtained. 

In an attempt to avoid this possible cause of error, the Remecke precipi- 
tute was washed with chloroform, in which even partially oxidized phos- 
pholipids are easily soluble. Control experiments, in which the Reinecke 
salt was determined as HSC'N,# have given the following indications: 
(a) the acetone-soluble portion of the Reinecke precipitate is completely 
soluble in chloroform; (6) no further Reinecke acid is removed when the 
precipitate, first washed with methanol and acetone, is subsequently washed 

‘In these determinations the solvent was distilled off and the dry residue boiled 


with dilute NaOH. After acidification with HCl, the HSCN was onidized with a 
bromate-bromide solution and the excess bromine evaluated iodometrically (23). 
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with chloroform; (¢) even after previous washing of the precipitate with 
methanol, ether, and acetone, slight but definite amounts of phosphorus 
may still be dissolved with chloroform. | 

The above statements have been further substantiated in the following 
experiment. The Reinecke precipitates obtained from the lipid extracts 
of twelve samples of rat muscles were first washed with ice-cold methanol, 
then with chloroform. The methanol washings were discarded. The 
chloroform solutions were pooled, the solvent distilled off, and the dry 
residue treated first with ether, then with acetone, and finally with chloro- 
form, equal volumes of solvents (about 20 ce.) being emploved. 

In the (a) ether-soluble, (6) acetone-soluble, ether-insoluble, (c) ether- 
and acetone-insoluble fractions of the chloroform washing, and in (d) the 
washed Reinecke acid precipitate, the following values were obtained for 
phosphorus and Reinecke acid (as HSCN): P (a) 141, (6) 1.00, (e) 0.10, 
and (¢7) 0.35 mg.; HSCN (a) 0.04, (b) 2.25, (¢) 0.00 mg. 

On the basis of these results, and with the assumption that only the 
acetone-insoluble fraction of the precipitate corresponds to the sphingo- 
mvelin reineckate (16), in our analyses the Reinecke precipitate has been 
washed with six | ce. portions of ice-cold methanol, then with six 1 ec. por- 
tions of cold chloroform, and finally dissolved in hot methanol. The mg. 
of phosphorus in the solution were multiplied by 25 to obtam the amount 
of sphingomvelins. 

Non-Phospholipid Fatty Acids and Unsaponifiable Matter—Some refine- 
ments have been introduced in the analvsis of total fattv acids by a simpli- 
fied (15) Kumagawa-Suto (24) procedure. ‘To the sample of minced tissue 
in alcohol 5 ee. of 40 per cent NaOH solution and later 10 ce. of water 
were added. After saponification on a steam bath in an open beaker, the 
mixture was acidified with HoSO, and extracted with ether. After removal 
of the solvent, the residue, dried at 55°, was dissolved in petroleum ether 
and filtered through asbestos into a weighed Erlenmeyer flask. The fil- 
trate Was taken to drvness and the residue, corresponding to the fatty acids 
and unsaponifiable matter, was weighed. This material was then dis- 
solved in neutral aleohol, boiled with an excess of standard NaOH solution, 
and titrated back, with O.1 or 0.025 as previously deseribed (15). 

In order to calculate the amount of fatty acids from the titration figures, 
the value of the mean molecular weight of fatty acids present in rat tissues 
was required, Accordingly, a series of determinations on pooled samples 
of the liver and muscle of several rats was made. The fattv acids were 
titrated and their amount obtained by the difference between the weight 
of the petroleum ether extract and the weight of the unsaponifiable matter 
(extracted and purified according to Kumagawa and Suto (24)). A few 
analyses have also been made on the tissues of rats kept on choline-deficient 
diets, the livers of which showed marked fatty infiltration. 
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Qn the basis of these determinations (Table II), the following values for 
the mean molecular weight of the fatty acids were adopted in converting 
our titration figures to weights of the total fatty acids: 273 for livers con- 
taining only moderate amounts of lipids, 280 for livers containing more 
than 100 mg. of fatty acid per gm. of tissue, 265 for the skeletal muscles. 

Non-phospholipid fattv acids were estimated by subtracting the caleu- 
lated weight of the phospholipid fatty acids (67.5 per cent of the total 
phospholipids) from the weight of the total fatty acids. The unsaponifiable 
matter was obtained by difference between the weight of the petroleum 


TABLE II 


Mean Molecular Weights of Total Fatty Acids in Liver and Muscle of Rats 


No. of - Fatty acids Total petrol- ,-_. -- ay Fatty acid Mean mol. 

pooled wet tissue extract wascsiaieas! 0.1N NaOH acids 

mi. me. meg. ce. 

Liver 6 32.2 636.2 69.2 20.80 272.6 
x 3 43.9 476.5 39.0 16.00 273.4 
Average . 272.5 
Liver J 119.0 $36.0 30.5 14.65 276.8 
3 126.1 1412.9 60.3 47.70 283.6 
2 ISD .5 1692.2 13.7 58.75 280.6 
Average 280.3 
Muscle 6 19.9 333.9 9.2 11.60 262.7 
20.1 267 1 22.8 9.20 269.5 
) 35.7 H21.3 31.3 22.05 267 .6 


Average 


ether extracts and that of the total fatty acids, caleulated from the titra- 
tion data. 

Total Lipids “Vhese were evaluated as the sum of the total phospho- 
lipids, the unsaponifiable substances, and the glycerides (non-phospholipid 
fatty acids plus one-tenth of their weight to account for the glycerol 
component). 

Limits of Error of Methods “The analytical error in our methods, as 
estimated by duplicate determinations, usually did not exceed the follow- 
ing limits: 2.5 per cent for analyses of phosphorus, 4.0 per cent of choline, 
and 2.0 per cent of fatty acids. The limits of error for non-choline phos- 
pholipids and unsaponifiable matter, obtained through calculation by dif- 
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ference, were greater, but generally not in excess of 10 per cent. Duplicate 
analyses were almost always performed for choline and very frequently 
also for phosphorus. 


TABLE III 
Lipid Fractions in Liver of Rats on Stock Diet (Values for 1 Gm. of Lipid-Free Tissue) 


Phospholipids | 

No. weight weight lipids Non- Sphin- lipid fatty 

| Total Choline-containing  choline- gomye- acids 

containing  lins 
per cenit | 
gm. gm. me. mx. me. total phos- me. me. me. me 
pholi pids 
] 113.2 | 5.33 , 47.0 | 34.2 21.4 62.6 , 12.8 5.6 6.6 
2 134.0 7.47 44.9 37.4 21.7 58.0 15.7 2.8 4.4 
3 132.8 _ 5.24 46.4 30.1 17.9 59.5 12.2 11.6 3.5 
4 131.3 5.60 47.1 36.0 24.3 67.5 11.7 3.6 3.3 
5 133.7 6.09 44.0 30.0 19.5 65.0 10.5 6.8 8.2 5.0 
6 113.0 4.46 44.2 34.9 19.0 54.4 15.9 0.1 9.3 3.5 
7 119.0 4.78 45.6 30.4 16.9 55.6 13.5 4.7; 10.5 3.6 
s 121.0 5.10 44.6 32.8; 18.8 57.3 14.0 3.4 7.8 3.2 
9 | 190.7 | 5.47 | 65.5 | 10.4) | Be 6.5 
10 «125.5 | 5.70 | 51.2 36.0 23.0 63.9 13.0 0.7 10.0 4.2 
Averuge 48.1 33.6 20.2 60.1 13.4 2.8 9.2 4.4 
Standard devis- 
thon +6.1 22.5 +2.6 +4.1 +1.6 242.4 +5.2 +1.2 


TABLE IV 


Liver Lipids Calealated for 1 Gm. of Lipid-Free Tissue or for Whole Organ of 
125 Rat 


Phospholipids 


lipids Total Choline- fatty acids matter 
containing containing 
For | gm. Avernges, my. 48.1 33.0 20.2 13.4 9.2 4.4 
moist lipid- s.p., % +12.7 212.9. 411.9 | 456.5 427.3 
free liver 
For whole Averages omg. 250.4 176.8 106.2 70.6 46.8 22.6 
liver of 125) s.p., % 414.5 2416.1 418.6 2413.4 +53.4 +38.0 
ein. rat 
Results 


Values for | gm. of moist lipid-free liver obtained trom ten normal rats 
(113 to 133 gm.) on our stock diet are recorded in Table IIL. These ana- 


* Lipid-free tissue equals the weight of moist tissue minus the weight of the total 
lipids present. 
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lytical data have also been calculated for the whole liver and referred to a 
rat weighing 125 gm. A comparison between the averages and the per 
cent standard deviations of the two groups of values is shown in Table IV. 
It is apparent that in the liver the concentration of the total and choline 
phospholipids in 1 gm. of lipid-free tissue is more constant than their 
amount calculated for the whole liver of a 125 gm. rat, while total lipids 
and non-choline phospholipids exhibit about the same moderate degree of 
variation. Thenon-phospholipid fatty acids and the unsaponifiable matter 
show considerable variation when the results are expressed in both ways. 


TABLE V 
Lipid Fractions in Muscle of Rats on Stock Diet (Values for 1 Gm. of Lipid 


Free Tissue) 


Phospholipids 


Total Choline-containing choline >phingo fatty acids ™#tter 
containing 
per cent 
me. mg. me. lotal phos- min me me me 
pholipids 
29.1 10.6 5.3 50.0 §.3 13.7 3.4 
2 22.4 10.5 51.4 D. S.6 2.4 
26.6 10.3 6.0 58.2 13.0 2.0 
4 10.2 5.3 52.0 6.4 
20.1 10.2 51.0 §.2 0.4 
2). 11.4 5.2 Ht). | 0.4 
40.2 11.6 6.7 57.7 1.0 23.8 2.4 
27.3 12.0 9.6 46.7 12.4 1.7 
10 21.8 5.8 47.0 1.0 
Avernge 24.8 11.0 5.6 50.9 5.4 11.0 1.7 
+6. +0.7 +4.0 +06 £03 +4.9 +08 


The results on the skeletal muscles of the same rats are reported in 
Table V. Here again the total, choline, and non-choline phospholipids 
are remarkably constant, while variable figures are obtaimed tor the remain- 
ing fractions. 

As for the sphingomvelin values, the authors feel that more work is 


*This figure corresponds to the average final weight of the animals. In the 
calculations, a direct proportionality between liver and body weight was assumed. 
This is only approximately true, but may be justified for the purpose of comparing 
animals with similar body weights within the same group, as this method of ex- 
pressing the results reduces the-variations due to factors such as growth, food 
consumption, ete. 
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required to establish the significance of their data. With the present 
procedure, sphingomyelins in both liver and muscles of rats show the 
greatest variation. In any case, they would represent only a minor frac- 
tion of the total phospholipids (from just a trace to a fifth of the total 
phospholipids in the liver, and one-tenth of those in the muscle). Similar 
values on rats have been recently reported (22). 


SUMMARY 


As a preliminary stage in a systematic study of the influence of the diet 
on the composition of tissue phospholipids, an appropriate analytical 
scheme has been elaborated. This scheme allows the approximate evalua- 
tion, in a reasonable length of time, of total lipids, non-choline and choline 
phospholipids, sphingomyelins, non-phospholipid fatty acids, and unsa- 
ponifiable matter on comparatively small samples of tissue. 

Values obtained for liver and skeletal muscles of ten rats, raised to about 
125 gm. on a mixed adequate diet, are reported. In these animals, total, 
choline, and non-choline phospholipids show a remarkable constancy, espe- 
cially when they are expressed on the basis of | gm. of lipid-free tissue, 
whereas non-phospholipid fatty acids and unsaponifiable matter exhibit a 
greater degree of variation. In future work, these values will be considered 
as representing the ‘normal’? composition of liver and muscle lipids of a 
2 to 3 month-old rat. 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 


Il. CHANGES IN TISSUE PHOSPHOLIPIDS INDUCED BY 
KXPERIMENTAL DIETS* 


By CAMILLO ARTOM ann WILLIAM H. FISHMAN 


(From the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina) 


(Received for publication, February 11, 1943) 


Casein-containing diets have been employed extensively in nutrition 
studies, particularly in connection with the lipotropic action of choline.' 
In most of these investigations, the total lipids or the total fatty acids alone 
have been determined. In a few cases, the phospholipid content in the 
liver has been reported, but, as a rule, results have been compared merely 
with those in which the experimental diet was supplemented with choline. 
There is no clear evidence that with this supplemented diet the ‘normal 
constitution’’ of liver lipids is maintained, an important consideration, in 
our opinion, Which has not, thus far, received sufficient attention. To our 
knowledge, no information on the phospholipids in skeletal muscles of rats 
on casein diets Is available. 

Data representative of what may be considered as the normal composi- 
tion of liver and muscle lipids in rats 2 to 3 months old, maintained on a 
stock diet adequate for growth and health, have been presented in Paper 
I (4). The modifications caused by transferring the animals to svnthetic 
diets in which casein represented the only protein component are reported 
in the present paper. 


EXPERIMENTAL 


Three experimental diets were used. Diet | contained casein (technical) 
lO parts, cod liver oil 5, Crisco 5, dextrin 37, sucrose 37, agar 2, salt mixture 
(Osborne and Mendel (5)) 4. Vitamin B complex (commercial) was sup- 
plied in the diet so that the average daily food intake would contain 
approximately 10 y of thiamine, 10 y of riboflavin, | y of pyridoxine hydro- 
chloride, 100 y of nicotinie acid, and 1 y of pantothenic acid. Diet 2 con- 


* Aided by grants from the Dazian Foundation for Medical Research and from the 
John and Mary R. Markle Foundation. A preliminary report was presented before 
the forty-first annual meeting of the North Carolina Academy of Seience, April 24, 
1942. 

' For a bibliography on this subject, the reader is referred to review papers (see 
(1-3)). 
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tained casein 30 parts, dextrin 27.0, sucrose 27.0; and Diet 3 casein 5 parts, 
dextrin 39.5, sucrose 39.5. Otherwise these were identical with Diet. 1, 
Altogether 5 parts of diet were mixed with | part of distilled water in 
order to obtain a desirable consistency. All three experimental diets con- 
tained less fat than diets usually employed in-the studies on the lipotropiec 
action of choline. The intention here was to avoid the increase in the 
amount and in the rate of synthesis of liver phospholipids by high fat 
diets (6, 7). 

Male albino rats, raised on our stock diet to a body weight of between 
90 and 100 gm., were transferred to one of the casein diets. After various 
periods of time, during which the daily food consumption and the body 
weight were recorded, the animals were killed by decapitation, and the 
liver and muscles analyzed for the various lipid fractions as described (4), 

Most of the animals on Diet 1 increased in weight, although at a dis- 
tinctly subnormal rate. Little change in weight was observed with Diet 3, 
whereas Diet 2 usually insured a rate of growth almost identical with that 
of rats on our stock diet. No deaths occurred during the experiments. 


Results 


Experiments with 10 Per Cent Casein Diet—Results of the analyses of 
the liver and muscles of these rats are shown in Tables I and II. In these 
the data have been expressed on the basis of 1 gm. of lipid-free tissue, so 
that they are independent of the considerable variations in the total lipid 
content of the tissues. 

Liver lipids have been calculated also for the whole organ and referred 
to a 125 gm. rat” Individual data thus calculated are omitted, but the 
averages and their standard deviations have been included in Table III. 
In this table the averages*® of the values obtained from both the liver and 
the muscles of rats on the diet containing 10 per cent casein are also com- 
pared! with the corresponding values of similar rats on the stock diet (4). 

From a comparison of the averages (Table III), it appears that in the 
liver of rats fed the 10 per cent casein diet values for total, choline-, and 


> See (4), foot-note 6. 

3 Changes in the liver phospholipids on the 7th day of the experiment were irregu- 
lar. In addition, Rat 5 showed an unusually low concentration of choline phospho- 
lipids in the liver, and was the only one to lose weight. Accordingly, values of 
Rats 1, 2, 3, and 5 have not been included in the averages (although their inclusion 
would not have altered our conclusions). 

‘The statistical significance of the differences between the averages has been 
estimated by calculating the values of ¢, according to Fisher’s procedure (8). In our 
experiments, values of ¢ greater than 2.101 for liver lipids or 2.120 for musele lipids 
indicate the probability of a chance occurrence being less than 5 in 100. The cor- 
responding limits for a 1 to 100 probability are 2.878 and 2.921. 
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non-choline-containing phospholipids exhibited significant decreases by 
either method of expressing the results. However, the significance is 
greater when these are expressed as concentration in the lipid-free tissue 
rather than as total content in the liver of a 125 gm. rat. The fact that 
values from rats on the experimental diet were affected by one additional 
variable (time on diet) suggests an even higher significance for the differ- 
ences between the grand averages than is shown in our calculations. The 


TABLE | 
Lipid Fractions in Liver of Rats on 10 Per Cent Casein Diet for Various Periods of Time 
(Values for 1 Gm. of Lipid-Free Tissue) 


The average daily food intake was 8.1 gm. 


Body weight Phospholipids 


Nop- | 
| g 
per cent 
total 
gm. gm. gm. mg. mg. me. | phos- | mg. mg. mg. | mg. 
pho 
lipids 
103.9) 114.3 6.60 131.8) 24.2) 23.6 | 97.5 | 0.6: | 95.0}. 3.1 
97.3) 103.0) 5.17 | 115.6) 20.0 9.6 | 48.0 | 10.4 1.7 | 81.3) 6.2 
3: 7 101.5) 106.0|\ 5.65 | 65.4! 29.4) 15.1 | 51.4) 14.3 3.1 | 27.2! 6.1 
4; 1421 111.0) 127.3: 5.56 70.7; 20.4| 10.5 | 51.5 | 9.9 1.3 
12; 91.5 5.06 55.3: 17.90| 7.3 | 3.7 | 10.81 1.7 30.4 4.0 
6 | 12 98.0 115.5 5.61 63.3) 33.8) 46.7 33-7 29.7 5.8 
7 19 110.3) 156.6: 6.90 | 154.5; 25.8 13.8 | 53.5 | 12.0 114.5 2.4 
8 19 | 106.3; 152.0: 9.95 | 379.3) 25.1; 14.4 | 87.4 | 10.7 308.0 15.4 
9 19 99.11 133.3: 6.32 | 105.9' 22.5) 13.2 | 58.7 9.3 68.7 8.0 
10 | 28 98.3, 124.8 6.21 | 229.1! 28.9) 16.7 | 57.8 | 12.2 177.5. 4.9 
11 28; 87.3; 100.0 4.14 | 127.8 23.7) 12.0 | 50.6 | 11.7; 1.4 83.7 12.0 
12:28 + 92.8 132.0 8.42 | 389.7) 22.8 16.0 | 70.2 6.8 | 0.9 | 328.5 5.5 
13 | 35 | 95.9: 176.3; 6.65 | 152.7; 28.6 16.6 | 58.0 12.0 97 16.8 
141,35 90.0 109.8 6.86 | 314.5: 21.4 12.1 | 56.5: 9.3 253.5 14.2 


percentage of choline-containing in the total phospholipids was lowered, 
but the statistical significance of the decrease is doubttul. 

If the values obtained from the liver of individual rats are examined 
(Table I) and compared with those on the stock diet (Table IIT), it may be 
seen that after 7 days of the experiment the composition of phospholipids 
in the liver was altered, but at this time the changes were irregular and in 
two of the three rats only one fraction was concerned. The lowest con- 
centrations for both total and choline phospholipids (as well as definitely 
low values for non-choline phospholipids) were obtained in the three rats 
killed on the 12th day of the experiment. In the later periods, not as small 
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figures for choline phospholipids were found, some of those obtained on 
the 28th or 35th day approaching the lower limit of normal values. How- 
ever, rats which grew poorly showed consistently low values for choline 
phospholipids even after 4 or 5 weeks on the synthetic diet. Non-choline 
phospholipids remained lower than normal during the entire experimental] 
period. 

Averages for total lipids and non-phospholipid fatty acids in the liver 
were considerably above those obtained with the stock diet (Table ITI), 
The increase was due mainly to an accumulation of neutral fats, as the 
change in the unsaponifiable matter was comparatively slight. Higher 


TABLE I] 


Lipid Fractions in Muscle of Rats on 10 Per Cent Casein Diet for Various Periods 
of Time (Values for 1 Gm. of Lipid-Free Tissue) 


Phospholipids 
hospho Unsaponi 
Rat. Day- Potal 
No on diet lipids Non- hable 
Total Choline-containing choline. matter 
mvyelins acids 
containing 
per cent 
me mie me. lotal phos weg. ms mis me 
pholipid: | 

l 7 26.8 7.0 44.3 16.8 | 

2 7 10.5 5.6 62.9 3.2 2.9 22 

4 10.0 5.4 DAO 426 1.4 

t) |? 46.4 3.6 37 2) 6 1.4 

}2 2s 39 O05 26.3 (). 
14 $9 30 91.0 24.5 1.6 


figures for non-phospholipid fatty acids were found after the 12th dav 
of the experiment (Table IT). 

Values for total, choline-, and non-choline-contaiing phospholipids in 
muscles of rats on the diet contaming 10 per cent casein (Table Il) were 
frequently lower than normal. However, the differences between the 


averages are not statistically significant (Table TID). Occasionally when 
the modification in either one of the phospholipid fractions of the liver was 
especially marked, it appeared to be reflected to some extent in the muscles 
(Tables I], Rats | and 5). 

The most significant change induced in the lipid constitution of muscles 


aj 
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1 on | by the experimental diet was the increase of non-phospholipid fatty acids 
fow- —- (Table III). As in the liver, the increase was essentially due to an accu- 
ine mulation of neutral fat. However, no definite relationship was apparent 


line between the degrees of the fat accumulation in these two tissues (Tables 
ntal IT and 


iver 
IT) Comparison of Average Values for Liver and Muscle Lipids of Rats on Stock Diet and 
the on 10 Per Cent Casein Diet 
rher Phospholipids 
phospho- Jnsa- 
Lipids Diet Non- lipid ponifiable 
Total Choline- choline- fatty matter 
ing 
per cent 
total 
me. me. me. phos- me. meg. me. 
poni pho- 
lipids 
er 
Liver; caleu Stock 10 48.1 | - 3.6 20.2. 60.1 13.4 9.2; 4.4 
lated for 1 +6.1 42.5 +2.6 +4.1 +1.6| 41.2 
gin. lipid: 198.6 24.2 13.6 56.2 10.6 150.3 9.0 
free tissue Casein 121.8 | 42.1 '+6.0 | |4104.4 | 44.9 
i = 3.87 S.75 6:23; 4.56 12.88 2.27 
) Is) * 
Liver; cealeu- Stock 250.9) 176.8 106.43 60.1 70.5 46.8 22.6 
lated for +36.2 +28.5 419.8 +4.1 +13.4 2424.9 +8.6 
Whole liver 10% 911.1 128.0 72.0 56.3 56.0 667.0 48.4 
of 125 yim. CASCIN +719.0 (414.3 412.2 46.0 | +7.7 '+619.0 |'427.9 
rat tin= 2.78 4.6] 2.01 2.94 3.09 2.70 
IS) 
Muscle; cal Stock 24.8 11.0 9.6 50.9 5.4 11.0 1.7 
—eulated for +6.1 340.7 +0.5 44.0 +0.6 +4.9 +0.8 
gm lipid 10% 10.0 9.6 4.9 51.6 4.7 26.2 1.6 
free tissue CASEIN +9.6 +0.5 +0.6 4+3.2 +0.6 +6.3 +0.5 
t(n = 3.57 1.97 1.800 60.31 1.45 5.90 0.29 
16) 
according to Fisher (Si; = degrees of freedom. 


Laperiments with 5 and 3bO Per Cent Casein Diets -In Table IV the aver- 


Te |) ages and standard deviations of the various lipid concentrations in the liver 
he | and muscles of rats, maintained for 12 or 19 davs on Diets 1, 2, and 3, are 3 
compared. 
we Values for choline phospholipids were lower in the liver of all three groups " 
es 


of animals than in rats on the stock diet, although the decrease was less 
marked with the 30 per cent diet than with those containing 5 and 10 per 
cent. ‘The concentration of non-choline phospholipids was affected differ- 
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ently by the various diets: no change from the values of the stock diet in the 
rats on the diet containing 5 per cent casein, a decrease with the 10 per 
cent casein, and an increase with the 30 per cent casein.® With the 5 and 
10 per cent, but not with the 30 per cent diet, averages for total lipids and 
non-phospholipid fatty acids in the liver were high as compared to the cor- 
responding values of rats on the stock diet. 

As for the muscle, the average values for all lipid fractions obtained from 
the three groups of animals (Table IV) showed similar differences which, 


TaBLe IV 
Lipid Fractions in Liver and Muscle of Rats on 5, 10, or 389 Per Cent Casein Diet for 12 
and 19 Days (Average Values for 1 Gm. of Lipid-Free Tissue) 


Phospholipids 


Non- 

Casein Total | 

in dieti lipids Non- 

Total Choline-containing choline 

containing 

Liver 95:9; 22.0 10.5 15.7 12.5 5.0 
+31.8 +1.3 +0.6 +0.9 $28. +2.0 

+132.3 2S 2.4 +6 .5 +1.4 LOS. 4 +4.2 

; 4 32.0 14.8 16.3 7.2 17.1 2.9 

+4.3 +1.6 +1.7 +1.3 +1.0 +008 +1.4 

Muscle 5* 5 4 4.0 1? 26.9 2.0 
+15.0 +1.0 +().7 +7 .2 

| 4 43.2 9.2 1.4 17.8 29.4 | 

+8.6 +1.1 7.3 £03 

| 4 28.3 10.8 1.9 1.4 13.9) 2.2 

+6 +0.9 +0.5 +0.9 


* Average daily intake of food, 7.3 gm, 
+ Averages of rats on 10 per cent casein for 12 and 19 days (see VFable L. 
t Average daily intake of food, 10.9 gm. 


however, were smaller than the corresponding differences just deseribed in 
the liver.® 


> Asin the liver of rats on the diet containing 30 per cent casein, both phospholipid 
fractions are higher than in those with the 5 and 10 per cent diet; consequently the 
concentration of total phospholipids varies in the same direction as the cascin level, a 
finding which is in agreement with previous observations (9). 

6 ven after 4 weeks on the diet containing 30 per cent casein, the composition of 
phospholipids in tissues is not yet normal. Thus in two rats maintained on this diet 
for 28 days, the following values (not included in the averages of Table IV) were 
obtained: in the liver, choline phospholipids 19.3 and 16.5 mg., non-choline phospho- 


lipids 10.6 and 6.8 mg.; in the muscle, choline phospholipids 6.5 and 7.7 mg., non- 
choline phospholipids 3.5 and 3.3 mg. Consequently the percentage of choline- 
containing In the total phospholipids was considerably above normal in both tissues. 
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DISCUSSION 


The results constitute definite evidence that in rats 2 months old diets 
containing casein as practically the sole protein component cause a marked 
modification in the normal composition of liver phospholipids, the most 
characteristic alteration being a decrease of the choline-containing phos- 
pholipids (more precisely of the lecithin fraction). 

A fall in the concentration of total phospholipids in the liver when rats 
were transferred shortly after weaning from the stock diet to a high fat, 10 
per cent casein diet has been recently mentioned by Patterson and Me- 
Henry (10). Unhke theirs, in our experiments the modifications in the 
composition of liver phospholipids were not fully developed until the 2nd 
week of the experiment. Moreover, such modifications were still detect- 
able even after 5 weeks on the diet. It seems therefore unlikely that the 
effects observed by us may be ascribed merely to changes in the dietary 
habits of the animals. 

As a cause of these changes, some dietary deficiency appears to be a more 
logical explanation. A quantitative deficiency of dietary proteins, as in 
our diets containing 5 and 10 per cent casein, can be excluded for the reason 
that the decrease of liver lecithins is still detectable with the 30 per cent 
diet. Likewise, this finding is apparently not in line with the hypothesis 
that a poor supply of choline or choline precursors was responsible. In- 
deed, the 80 per cent casein proved almost completely effective in prevent- 
ing the fatty infiltration but not the fall in liver lecithins. Moreover, in 
none of our other experiments was a uniform relationship found between 
the extent of the changes in the phospholipid and in the neutral fat frae- 
tions. Further evidence on this subject will be presented in Paper III. 

Phospholipids other than lecithins seemed to be less uniformly affected 
by the experimental diets. At any rate their modifications, unlike those of 
the lecithins, were not in the same direction when the percentage of dietary 
casein Was varied. Perhaps the increase of non-choline phospholipids in 
the rats on the 30 per cent casein diet may be related to the presence in 
easein of a serinephosphorie ester (11, 12) whieh could be viewed as a pre- 
cursor in the svnthesis of serine-containing (13), possiblv also of ethanol- 
amine-containing phospholipids (14). | 

Variations of the non-phospholipid fatty acids in our experiments were in 
agreement with the well established relation between the choline supply in 
the diet and the fat infiltration in the liver (1-3), except, perhaps, that in 
many of our rats the degree of tatty infiltration was lower than that usually 
described by others. This may be explained by the fact that in most of 
these previous studies the experimental diets contained much greater 
amounts of fat. 

The elevation of neutral fat in rats on our diets containing 5 and 10 per 
cent casein was not limited to the liver but occurred also in the muscle, a 
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finding which had not been clearly shown in previous work. The increases 
were proportionally smaller in the muscle, but as this tissue represents as 
much as one-half of the bodv weight, the significance of this accumulation 
of fat for the general economy of the organism mav be considerable. The 
almost complete prevention of fatty infiltration by 30 per cent casein was 
apparent in the muscle as well as in the liver of our rats. 


SUMMARY 


Young rats, transterred from a stock diet to an experimental diet con- 
taining casein at 5, 10, and 30 per cent levels, exhibited a marked decrease 
in the concentration of choline-containing phospholipids of the liver. © Min- 
imum values were reached on the 12th dav, afterwards tending to rise. 
Less uniform changes were observed in the non-choline phospholipids of the 
liver. The phospholipid composition of the skeletal muscle was only 
slightly affected by the experimental diets. 

Neutral fat accumulated in the muscle as well as in the liver of rats on 
diets containing 5 and 10 per cent casein, but not on the 30 per cent casein, 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 


(I. EFFECTS OF SUPPLEMENTED EXPERIMENTAL DIETS ON TISSUE 
PHOSPHOLIPIDS IN RATS OF TWO AGE GROUPS* 


By CAMILLO ARTOM anp WILLIAM H. FISHMAN 


(From the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina) 


(Received for publication, February 11, 1943) 


Modifications in the composition of tissue phospholipids were observed 
when rats were transferred from a stock diet to experimental diets in which 
easein supplied the protein requirement, the most characteristic change 
being a marked reduction of liver lecithins (1). This suggested that some 
factor (or factors), perhaps essential for the maintenance of the normal 
level of lecithins in the liver, may have been deficient in our diets. As 
these were more or less low in choline, the likelihood that choline repre- 
sented the factor limiting the synthesis of lecithins appeared to be the sim- 
plest explanation, although our previous results (1) did not favor this in- 
terpretation. To obtain more conclusive evidence, experiments with 
supplementation of choline (and a choline precursor, methionine) were 
made. The action of other nitrogenous components of phospholipids, such 
as ethanolamine and serine, was also studied. In addition, to test the 
possibility that a deficiency of cystine or glycine in the casein may have 
been responsible, supplementation of the diet with these substances was 
tried, 

At the time these experiments were completed, results that apparently 
differed from ours were published (2-4). As in these investigations 
vounger animals than in our experiments were employed, some choline 
supplementation experiments were repeated in which weanling rats were 
substituted for rats 2 months old. 


EXPERIMENTAL 


In the majority of our experiments, rats of the same strain and age (about 
2 months old) as in the previous investigations (1,5), were transferred from 
the stock diet to an experimental ration (Diet 1, containing 10 per cent 
casein (1)) for 7 davs. Then the supplement was administered daily until 


* Aided by grants from the Dazian Foundation for Medical Research and the 
John and Mary R. Markle Foundation. Preliminary reports were presented before 
the North Carolina Aeademy of Science (Forty-first annual meeting, April 26, 1942) 
and the American Physiological Society (Mareh, 1943). 
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the end of the experiment. Only in one case (Rat 1) was the choline sup- 
plementation initiated immediately. 

The supplements included choline hydrochloride, choline hydrochloride 
+ l-cystine, ethanolamine, d/-serine, glycine, /-cvstine, d/-methionine, and 
dl-methionine + /-cystine.'!. Amounts varying from 50 to 150 mg. daily 
were given. In most cases, a solution of the supplement was administered 
by stomach tube; otherwise it was thoroughly mixed with the diet. 

In a smaller group of experiments of 10 days duration, newly weaned rats 
were used. ‘Two of them were maintained on our stock diet, and seven on 
the diet containing 10 per cent casein. Seven other rats were transferred 
directly from the nursing mother to the experimental diet containing 
choline hydrochloride. 

In both groups of experiments, the animals were killed by decapitation 
and the lipid fractions in the liver and skeletal muscles analvzed as de- 
scribed (5), except that, in some cases, determinations were limited to the 
liver. Occasionally, saponification was omitted, the total lipid content 
being estimated from the weight of the final chlorotorm extract. 

It was observed that d/-serine exerted a highly injurious action when 
given by stomach tube in amounts of 100 mg. daily to rats on our experi- 
mental diet (6). In addition, four out of six rats receiving 100 mg. of 
ethanolamine daily by stomach tube died within 3 davs. This finding is 
now the subject of a separate investigation. One rat receiving 150 mg. of 
choline hvdrochloride died on the 10th day of supplementation. With the 
exceptions noted, the administration of the supplements either by stomach 
tube or in the diet appeared to be harmless. 


Results 


Experiments with Rats 2 to 3 Months Old —Results obtained on the liver of 
rats receiving choline hydrochloride supplements are reported in full in 
Table I. For the sake of brevity, individual data on the muscle of these 
rats and on the liver and muscle of the other groups of animals have been 
omitted. Onlv averages and standard deviations of rats maintained on the 
various diets for 12 and 19 davs are recorded in Table [Land compared with 
similar values previously obtained on rats on the stock (5) and on the un- 
supplemented experimental diets (1). 

It is apparent that with all the supplements the concentration of choline 
phospholipids in the liver (expressed as mg. for 1 gm. of lipid-free tissue) 
was essentially the same as in rats on the unsupplemented diet. Several 
additional data (not reported) on rats, maintained for longer periods on the 
supplemented diets, further support this statement. The analytical data 


All supplements were purchased from Merck and Company, Rahway, 


New Jersey. 
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have also been calculated for the whole liver of a 125 gm. rat. Even with 
this method of expressing the results, no significant effect of supplemen- 
tation was evident, except for some of the animals receiving cvstine or me- 
thionine, which exhibited definitely higher values.’ 

With most of the supplements, especially with ethanolamine, somewhat 
higher values for non-choline phospholipids were found in the liver. 


TABLE | 


Lipid Fractions in Liver of Rats on 10 Per Cent Casein Diet Supplemented with Choline 
Hydrochloride (Values for 1 Gm. of Lipid-Free Tissue) 


The average daily intake of food during the supplementation period was 9.34 gm. 


Body weight Phospholipids 


Non- 
Rat Dayson Liver Tota ni- 
No. diet® | weight lipids Sphin fable 
2s Initial Final | containing matter 
taining 
per cent 
total 
mi’. em | gm. am me me. me. pros- me me me. me 
pho- 
lipids 
| 10016) 1004 101.71115.5 5.33 35.1 16 9) 9.2) 54.4 
2 12 (5) 96.8)107.8 4.70 36.8 22.0)110.5 11.5 0.2 5.0 
3.19012) 96.3)128.3 5.80 61.9 26 5j12.2 46.0 14.3 26.1 6.7 
19012) 150 98.0) 89.0 4.51 33.0 21.7)10.7 49.3) 11.0 
' 197112) 150 92.61115.5 5.03: 41.1: 22.41 8:8 38:3 13.6 14.5 2.7 
6 190112) 150 101.0) 97.0 3.93 41.5 | 15.3 9.2 3.0 
7 19(12) 150¢ 101.3.123.8 6.92 44.1 24.6114.1 57.3 10.5 15.5 2.4 
28(21) 100 1038.8)141.3 6.24 44.1) 23.6)12.9 54.7 10.7 LOLS S.6 
28(C21) 150 5.34 328.6 2. 10.6 12.0 
10. «28(21) 150%. 101.3:156.3 7.73 35.8 25.5113.7 53.7: 11.8 4:3 2.5 


The figures im parentheses Indicate the dave on the supplemented diet. 


Supplement mixed im the 
fin addition of (evstine daily. mixed in the diet, were given. 


Variations of individual values for non-phospholipid tatty acids were so 
great that the comparison of the extent of fat accumulation has been diffi- 
eult. However, on the basis of the averages, the amounts of neutral fat 


“As in these animals the concentration of the choline phospholipids was not 
appreciably altered, the larger amount for the whole liver was apparently due to an 
increase in the liver weight (which was evident even after exclusion of the lipids and 
on the basts of a 125 gm. rat). In our opinion, the biologieal significance of differ- 
ences observed by calculating the data for the whole liver may be questioned when i 
linear relationship between liver and body weight is not maintamed. [In such cases 
more weight should be given to concentration values, which may express more closely 
fundamental changes in the chemical organization, and. therefore, in the phvysiologi 
eal activity of the living cells. 
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Diet 


Liver Stock 
Casein 

10% 

Same 


NMilusele  Stoek 
10% 


None 


(Choline 
HC 

Ethanol 
amine 


dl-Serine 


Cilveine 


{-Cystine 


dl-Meth 


None 


(Choline 

dl-Serine 


[-('vstine 


df Net h- 


| Phospholipids 
| diver, | otal | 
} tain- 
| 
| | | percent 
| | total 
gm. | mg. | mg. | meg phos- | mg 
pho- 
| | | | lipids | 
10 | 5.52) 48.1) 33.6} 20.2, 60.1) 13.4) 
(+£0.78 +6.1/+2.5 +2.6 +4.141.6 
6 | 6.57) 137.8) 22.4; 11.7] 52.2) 10.7! 
+6.5/41.4 
5.16) 43.2) 24.4] 11.7) 48.0) 12.7 
+0.97) +22.542.541.8 +7.641.8 
4 | 5.73) 156.9) 27.7) 12.0) 43.3) 15.7 
+0.94) 467.543.741.0) +5.8'43.9 
5.03 97.6) 24.5) 11.9) 48.6) 12.6 
+0.19 +25.0242.341.5 4+3.9 42.4 
5.54) 200.3) 24.5) 11.5) 46.9) 13.0 
+0.67, +82.540.842.0 +7.0:41.5 
6 | 8.53) 264.0) 24.0 12.4 51.7) 11.6 
+3.18)+102.5 4+2.3'41.8 +6.8 42.4 
6.03| 75.9] 25.0) 12.3} 49.2) 12.7 
+0.73, +39.2)41.641.0 4+7.1'42.4 
44.81 15.0 86 &.4 
+0.740.5 +4.040.6 
3.3 9.2) 4:4) 4.8 4.8 
tS.641.140.8 +6.1 40.7 
all 6.4 46-6 
$19.5 +40.4:40.3 +6.5:4+1.0 
4.9) 12.0 4.3 6.8 
t18.44+1.020.7 4+7.041.3 
11.1, 6.2 46.8) 58.9 
+10.2 40.7 +0.9 +7.44+0.9 
5 28.1| 10.2; 429) 48.0) §.3 
+3.440.440.2' +1.6:40.2 
+4.1 40.6 
+008 440.5 +1.4+0.3 


TaBLeE II 


* Supplements given for 5 and 12 days respectively. 
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Comparison of Average Values for Liver and Muscle Lipids of 2 Month-Old Rats on 
Various Diets for 12 and 19 Days (Values for 1 Gm. of Lipid-Free Tissue) 


daily tood in- 
the choline hydrochloride 


ylveine, 8.5 gm. for the d/-cystine, and 8.3 gm. for the d/-methitonine group. 
+ Including one rat, receiving 130mg. of (-evstine in addition to 50mg. of choline 


hydrochloride. 
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were greater in comparison to the unsupplemented diet in the groups re- 
ceiving /-evstine, and ethanolamine, whereas they were lower with 
di-serine, d/l-methionine, and choline hydrochloride. 

In the muscle, no definite effeet of the supplements on the lipid distribu- 
tion Was apparent. However, as in the liver, the non-choline phospho- 
lipids were often inereased after ethanolamine administration. 

Experiments with Newly Weaned Rats The lipid distribution in the liver 
of two verv voung rats maintained on the stock diet was within the same 
range as in older rats on the same diet (Table III). Likewise choline 
phospholipids were lower than normal in the liver of newly weaned rats 
maintained on the unsupplemented casein diet. 


Lipid Fractions in Liver of Newly Weaned Rats after 19 Days on Various Diets 
(Values for 1 Gm. of Lipid-Free Tissue) 


Body weight Phospholipids 
No. 
Liver 
Diet weight lipids 
Initial binal Total Choline-containing 
contain- 
ing 
per cent 
em em. gm. Mex. me. me. 
lipids 
Stock 47.3 1.69 oS 0 31.4 17.4 14.0 
33.0 1.77 66.0 33.3 17.1 16.2 
10% easein* 7 200 11.1 1.93 71.8; 24.1 12.6 52.3 11.5 
+4.4 +). 44 +039 +3.2 +1.8 +3.8 +2.0 
casein 30.0 42.8 1.67 51.4 26.8 17.6 65.7 9.2 
+ choline +3.3 +6.4 +0.22 +14.8 +1.3 +1.1 244.5 


HC 


* Average daily food intake, 446 gm. 
#42 mg. daily, mixed in the diet; average food intake, 4.79 gm, 


However, unlike the findings obtained in 2-month old rats, choline ad- 
ministration restored the coneentration of the choline phospholipids to the 
normal level. Non-choline phospholipids were not affeeted and remained 
low, as with the unsupplemented diet. Consequently, the percentage of 
choline-containing phospholipids was here considerably increased. 


DISCUSSLON 


Choline supplementation appeared to be ineffective in raising liver leci- 
thins in rats 2 to 3 months old maintained on the experimental diet, in spite 
of the prolonged employment of massive doses of choline which completely 
prevented the fatty infiltration. This finding mav be considered in agree- 
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ment with our previous experiments (1) with the diet containing 30 per 
cent casein, which probably supplied adequate amounts of labile methyl 
(7). Both groups of results strongly suggest that the modification in liver 
lecithins induced by the experimental diets cannot be ascribed to a simple 
deficieney of choline or choline precursors in the diet. 

However, the possibility that the dietarv supply of choline may play an 
important rdle is shown by the restoration of normal values in weanling rats 
when choline was given. As all other conditions were identical in the wean- 
ling and older rats, the different effects of choline supplements would appear 
to be dependent upon the age of the animals. 

As a working hypothesis, it mav be tentatively suggested that, in addition 
to choline one (or more) factor was deficient in our diet, such factor being 
required for the maintenance of the normal level of lecithins in the liver, 
possibly by promoting the utilization of dietary choline in phospholipid 
synthesis. If it be assumed that reserves of this factor accumulated in the 
tissues during the nursing period, the effectiveness of choline supplementa- 
tion in the vounger rats would be explained. 

Possibly small amounts of this factor may have been present in our tech- 
nical casein. This may explain the less pronounced effects on liver lecithins 
in our experiments in which the casein level was raised to 30 per cent (1). 
Future work will test the adequacy of this hypothesis or suggest other ones. 

Aside from any attempted interpretation, the present results offer a basis 
for explaining apparent discrepancies in the literature. “Thus, when choline 
was added to experimental diets, no significant increase in the total phos- 
pholipids (8-11) orin the choline content (8, 12) of the liver was obtained by 
most authors,’ while other investigators report an elevation of total (2, 4) or 
choline phospholipids (2,3,13). An examination of these data reveals that 
the latter authors emploved recently weaned rats, whereas the former group 
used older animals. 

This age difference in the effect of choline supplementation on liver phos- 
pholipids' may perhaps be compared with similar differences previously 


‘In several cases, higher values for total phospholipids, expressed as percentage 
of the liver weight, were obtained after choline was given. Ilowever, when the data 
are recalculated, and the diluting effeet of the large amounts of accumulated fat in 
the liver of choline-deficient animals is considered, no significant difference between 
animals on the supplemented or unsupplemented diets is apparent. 

* The conditions of the experiments of Engel (2) are rather different from ours. 
On the other hand, a comparison between the results of our experiments on weanling 
rats with those of Stetten and Grail (3) may be justified. Numerical values given 
by the latter authors for choline and phosphorus on both the unsupplemented and 
supplemented diets are considerably lower than our values. An ineomplete extrac- 
tion of lipids or differences in methods may possibly account for such a discrepancy. 


However, the effect of choline supplementation was evident in their animals as in- 
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deseribed for several biological actions of choline, apparent only in very 
young rats, such as the stimulation of growth (14) and the protection of the 
kidney against hemorrhagic lesions (15). 

It should also be pointed out that the absence of a change in the concen- 
tration of liver phospholipids, when various supplements were given te 
2 month-old rats, does not exclude the possibility of an altered rate of phos- 
pholipid turnover, as shown by Perlman and his associates (16). 

The increase of non-choline phospholipids in the liver of older rats fed 
ethanolamine is in agreement with a previous observation on vounger 
rats receiving both choline and ethanolamine (3). 


SUMMARY 


In rats 2 to 4 months old, supplementation of an experimental diet with 
choline hydrochloride in amounts adequate to prevent the fatty infiltration 
of the liver did not raise the low values of choline-containing phospholipids 
observed in the liver of animals on the unsupplemented diet. 

Supplementation of the diet with ethanolamine, d/-serine, glycine, /- 
cystine, or d/-methionine was likewise ineffective in raising the choline 
phospholipids. Only the amounts of non-choline phospholipids in the liver 
were occasionally increased, especially after ethanolamine was fed. 

In the liver of newly weaned rats, the concentration of choline phos- 
pholipids was lowered by the experimental diet, as in older rats. How- 
ever, unlike the results in these latter animals, the effect was completely 
prevented by supplementing the diet with choline. 

The possibility that other dietary factors, in addition to choline or choline 
precursors, may be involved in the maintenance of the normal composition 
of liver phospholipids is discussed. 
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THE AMINO ACID COMPOSITION OF ANIMAL 
TISSUE PROTEIN* 


By ELIOT F. BEACH, BERTHA MUNKS, ann ABNER ROBINSON 
(From the Research Laboratory of the Children’s Fund of Michigan, Detroit) 


(Reeeived for publication, Mareh 12, 1943) 


Recent knowledge demonstrates that the biological value of a food pro- 
tein is dependent upon its amino acid composition (1-4). It is important 
from the practical standpoint, therefore, not only to understand the 
quantitative and qualitative requirements of man for essential amino acids 
(5-7) but also the quantitative composition of food proteins which are 
commonly utilized to fulfil these body needs. Although the more theoreti- 
eal and academic aspects of proteins may be investigated by analyses of 
individual crystalline materials, the application of well established methods 
of amino acid analysis to the protein mixtures in the body tissues and in 
common toods can vield significant information provided these proteins are 
obtained tree from carbohvdrate, fat, and other contaminants and if no 
loss of amino acids occurs during the purification. 

That analytical methods for the amino acids are not frequently applied 
to food proteins may be explained, in part at least, by the fact that it is 
dificult to tree the proteins from accompanying carbohydrate and other 
contaminants; also, there are inherent errors in the methods for deter- 
mining some of the amino acids, even when applied to crystalline proteins. 
Comprehensive studies of the amino acid composition of food and tissue 
proteins are relatively few (8-13) and since newer refinements of analytical 
methods have proved capable of vielding more nearly exact values it be- 
comes increasingly difficult to compile satisfactory data from the bio- 
chemical literature relative to the amino acid distribution in foods. 

The present study has been undertaken to determine the quantitative 
occurrence of ten amino acids in six soft organs of beef and in the muscle 
tissues of a variety of cold and warm blooded animals. Data of this type 
may demonstrate similarities or differences in composition bearing upon 
such problems as: (1) the relative value of different meats, meat products, 
poultry, and fish, in supplying amino acids, (2) the amino acid pattern to 
which the growing animal must conform in the synthesis of tissue proteins, 
(3) the possible repetition of amino acid pattern in the muscle tissues of a 

*Partial reports of the data presented in this paper have been given at the Forty- 
seventh annual meeting of the Michigan Academy of Science, Arts and Letters at 
Ann Arbor, March 14, 1942, and at the annual meeting of the American Society of 
Biological Chemists at Boston, April 3, 1942. 
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wide variety of species and Classes of animals or the existence of specifie 
species differences. 

Meats, poultry, and fish furnish 20 to 30 per cent of the animal proteins 
in the average American dietary and contain protein which has long been 
known to possess superior biological value (1). Studies such as the one 
presented herein seem fundamental in establishing the amino acid pattern 
upon which protein nutritional superiority depends; therefore, data on the 
amino acid composition of food proteins have special significance. The 
analytical values for arginine, histidine, lysine, phenylalanine, tyrosine, 
tryptophane, serine, threonine, cystine, and methionine in meat, poultry, 
and fish muscle, and in beef organs are reported in the present paper, 


Preparation of Protern Samples 


The beef organs (brain, lung, liver, stomach, kidney, and heart) and the 
muscle tissues (beef shank, lamb leg, pork chops, veal steak, frog legs, and 
roasting chicken) were all obtained trom a local market. Quick frozen 
salmon and codfish steaks, and shrimps were used. The reptilian flesh 
analyzed was that of wood and painted turtles. 

In so far as possible, muscle fascia, connective and adipose tissue, and 
unedible portions were removed and discarded. The dissected tissues 
were ground in a food chopper, frozen in dry ice, and desiccated under a 
vacuum while frozen (ervochem apparatus). arly in the course of the 
work raw meats were used, but later the tissues were cooked prior to desic- 
‘ation, in order to insure the highest possible recovery of proteins through 
the inactivation of the tissue enzymes (14). Cooking the meats for a 
short period was a routine procedure in the preparation of the majority 
of the samples. The dried tissue was ground to a fine powder in the ball 
mill or with a mortar. 

Extraction of lipid! was effected by letting the powdered tissue stand 
overnight at room temperature with an aleohol-ether mixture (3:1), 
approximately 15 ml. of the mixture being used per gm. of dried tissue, 
followed by a 20 hour continuous extraction with ether in a Soxhlet appa- 
ratus. After the material was dried, the fat-free powder was extracted 
with three successive portions of boiling water for 15 minutes to remove 
minerals, carbohydrates, and other extractives. In cach extraction, 
1500 ml. of water were used per 100 gm. of the dry tissue preparation. 
The extracted material was dried in a vacuum oven at 60. 

except with shrimp, only 8 to 14 per cent of the total nitrogen was lost 
during water extraction at 100°. This loss may be considered as non- 
protein nitrogen. Howe (14) found that 10 to 15 per cent of the total 

1 The lipid distribution in these tissues will be reported in another paper. The 
amino acid constituency of protein from growing tissues is being determined. 
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nitrogen of raw muscle was composed of nitrogen extractives. Roughly, 
7 to 29 per cent of the wet weight of the fresh tissue was recovered and the 
purity of the protein preparations used for the amino acid analyses is 
evidenced by their nitrogen contents of 14 to 17 per cent, on a moisture- 
and ash-tree basis. 


Analytical Methods 


Moisture was determined by placing samples of the desiccated, fat-free, 
water-extracted tissues under a vacuum in a metal desiccator at 60° until 
they attained constant weight, after which the tissue preparations were 
Nitrogen determinations were carried out by 

Total sulfur was estimated gravimetrically 
Inorganic 


used to determine total ash. 
the macro-Ijeldahl method. 
after combustion of the samples in the Parr oxygen bomb. 
sulfur was determined gravimetrically on hydrolysates of samples which 
had been hydrolyzed 6 hours in 20 per cent HC. 

The method of Lugg (15), modified for use with the spectrophotometer, 
was used to determine tyrosine? and tryptophane.* Phenylalanine was 
determined by Block’s (11) modification of the Kapeller-Adler (16) method. 
Block’s method (17), with the correction factors suggested by Tristram 
(18) and Gulewitsch (19), served in the analvses for histidine, arginine, and 
lysine.! Cystine was determined by both the cuprous oxide method of 
Graff, Maculla, and Graff (20) and by Sullivan’s colorimetric procedure 
(21), adapted to the spectrophotometer Methionine was determined by 
a modification of the Beaeh and Teague® (22) method and by the McCarthy 
and Sullivan (23) colorimetric method, adapted to the Ceneo photelome- 
ter with Cenco Filter 87309-B, maximum at 525 mu. The methods pro- 
posed by Nicolet and Shinn (24, 25) were used to determine serine and 
threonine. ‘The Sorensen-Haugaard method (26) for carbohydrate showed 
no appreciable carbohydrate in the amino acid solutions obtained by hy- 
drochlorie acid hydrolysis of the purified proteins. 


?>Wave-length 495 mu was used in reading the tyrosine color. 

length 430 my was used in reading the tryptophane. 

‘Silver nitrate was used as the silver salt in the separation of the bases. 

*A glycine blank was used and the colors read at wave-length 550 mu. 

® Accuracy and reproducibility of the method may be insured by observing the 
following precautions. (1) Only HI which has been recently redistilled should be 
used. Redistillation is essential even when HI of reagent grade, which appears to 
contain little free iodine, is available. (2) For the determination of cystine, alone, 
preliminary reduction with zine is unnecessary and may result in too high cystine 
values. The reducing power of the Cu,O is sufficient to reduce cystine to cysteine. 
(3) Hydrolysis of the samples for 6 hours is sufficient; longer hydrolysis may result 
in low methionine estimates. 
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Results 


The amino acid composition of prepared animal tissue proteins, corrected 
for moisture and ash, and calculated to 16 per cent nitrogen, is presented in 


TaABLe I 

Per Cent Amino Acid Compesition of Proteins from Prepared Muscle Tissue and 
Organs 

Corrected for moisture and ash and ealeulated to 16 per cent nitrogen. 


! 
Cystine Methionine 


| 

Beef... 4.30 1.355.438 4.57 1.07 
Veal... 7.54 2.39 9.62 4.41 3.28 3.62 1.141.12 
Lamb. | 4.89 
Pork. .. 6.62 2.168.65 3.95 4.41.1.31 4.57 4.61.1.14.0.99 3,423.22 1.03 1.02 
Chicken, light|!... 6.91 2.34.8.443.85 4.23 1.304.72 4.66 1.26.0.823.28 3.35 1.061.04 
Turtle, 6.71 4.11 .1.15'1.07 
Frog|| .. 6.62 2.107.99 4.66 4.67 1.38 6.32 4.92 1.20 0.86 3.17.3.191.14.1.06 
Salmon|| . 6.39 2.309.00 4.52 4.38 1.38 3.96 4.19 1.22 0.74.3.163.78 1.22 1.22 
Codfish 6.26 2.048.404.284.541.28 4.94.4.52.1.19 1.04.3.243.74 1.26.1.19 
Shrimp 6.561.808.344.77 4.741.243.99 3.96 1.100.99 2.99 3.42 1.24.1.16 
Beef heart 7.44.2.137.105.10 4.42 1.415.93 4.69 1.23 1.063.01.3.201.09 1.07 
Liver 6.63.1.98 6.02 6.06 4.59 1.81 7.25 4.791.55 1.12 2.402.901.17.1.11 
Kidney 6.93 2.31 6.215.47 4.62 1.81.6.11 4.55 1.81 1.16 2.68 2.80 1.15 1.10 
Brain 6.38 1.95 1.38 2.66 2.95 1.10 1.08 
Lung 6.29 1.945.75 4.09 3.76 1.11 6.66 3.83 1.53.0.95 1.80 2.51 1.05 0.96 
Stomach 6.60 1.69 5.823.323.740.957.003.78 1.04.0.97 2.02 2.75.0.99.0.98 


*Arginine values are corrected for the loss through solubility of arginine silver by 
the factor 3.6 per 100 ml. proposed by Gulewitseh (19). Forinstance, in the adapta- 
tion of the Block method, a volume of 325 ml. used (which ineludes mother liquor 
and washings) gives a solubility loss of 11.7 mg. of arginine. 

tNot corrected for solubility. 

tThe Ivsine values are corrected for the constant loss of S.3S mg. of lysine, mostly 
through the solubility of lysine phosphotungstate. This faetor was determined by 
Tristram (18). It is recognized that small losses of histidine also are incurred in the 
procedure. 

§The serine values have been corrected for the solubility of the dimedon deriva- 
tive as suggested in Nicolet’s method. Also the serine values are subject to the 
error due to this method by which not only serine but hydroxylysine in addition is 
determined. 

‘These tissues were cooked in being prepared. 


Table IT. Such an adjustment of the values to the same percentage ot 
nitrogen, while purely arbitrary, possesses advantages when comparisons 


are to be made from one tissue to another. 
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Lysine, a dietary essential, occurs in muscle tissues of all types in higher 
concentration than do any of the other amino acids studied, 7.7 to 9.6 per 
cent. Arginine also is present in high concentrations, 6.3 to 7.6 per cent. 
Histidine, another essential amino acid, occurs in low concentration, 1.8 
to 2.4 percent. Methionine, 2.9 to 3.4 per cent by gravimetric determina- 
tion and 3.1 to 4.1 per cent by colorimetric analysis, occurs at a higher 
concentration than does the other sulfur-containing amino acid, cystine, 
which was found to represent 0.6 to 1.0 per cent by colorimetric analysis 
and 1.1 to 1.4 per cent by the gravimetric procedure.’ The two hydroxy- 
amino acids, threonine and serine, were found at a level of 4.0 to 5.3 per 
cent; however, some serine values were higher, that for veal being 6.1 per 
cent and for frog legs, turtle, and lamb 6.3 per cent. Tyrosine and phenyl- 
alanine, aromatic amino acids, have a similar concentration, varving from 
4.2 to 4.9 and 3.8 to 4.9 per cent, respectively. Tryptophane, an indis- 
pensable amino acid, occurs at a level of 1.2 to 1.4 per cent. Only one 
other amino acid, cystine, was found in smaller concentrations than 
tryptophane. Although these two amino acids are found in small concen- 
trations in the muscle protein, comparison of the evstine and tryptophane 
intakes per kilo of body weight by 10 to 12 year-old boys and by breast-fed 
infants shows that the rapidly growing infants received in their diets greater 
quantities of cystine and tryptophane per unit of body weight (12) than 
were provided by the diet considered adequate for the larger but slower 
growing children (27). 

In general, it can be seen that muscle tissues of these different classes 
of animals do not differ widely in their amino acid patterns, which implies 
that the same amino acid composition of muscle proteins is repeated 
throughout the animal kingdom and indicates that, as far as these ten 
amino acids are concerned, the protein of one muscle is as good as that of 
another in supplying amino acids in the diet. 

The organs, while showing some similarity to the muscle tissue in com- 
position, differ from it in certain respects. Outstanding are their lower 
lysine contents, 5.8 to 7.1 per cent, which are smaller than that found in 
any muscle studied. In the organs, the percentages of lysine are exceeded 
by the percentage of arginine, 6.3 to 7.4 per cent (Table 1). Brain appears 
to contain more histidine (2.5 per cent) than any crher organ or muscle, 
while stomach (1.7 per cent) contains the least. With the exception ot 
heart, the organs, particularly lung and stomach, seem to have a slightly 
lower methionine content than do muscles; however, the organs seem to be 
as good, if not a better, source of cystine. The beef organs were found to 
be high in serine, 5.9 to 7.3 per cent; only four of the muscles had serine 
contents within this range. Threonine appears in the organs in about 


"A complete discussion of the sulfur distribution of the tissues will be included 
in a fortheoming publication. 
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the same amounts as in the muscles. Heart, liver, kidney, and. brain 
eontain more phenvlalanine than do any of the muscles, 5.1 to 6.1 as con- 
trasted with 3.8 to 4.9 per cent for muscles. The tyrosine content of the 
organs, 3.7 to 5.1 per cent, is more variable than that found in muscles, 
Brain, liver, and kidney exhibit higher tryptophane and evstine values 
than do muscle tissue or lung, heart, and stomach. The tryptophane 
values range from 1.8 per cent for kidney and liver to 0.95 per cent for 
stomach. 
Tasie Il 


Per Cent Contribution of Amino Acids to Total Nitrogen of Protern from Muscle Tissue 
and Organs 


Cystine Methionine 


Phenylalanine 


Beef 13.89 3.81 9.71 2.61 2.08 1.16 4.52 3.36'0.94.0.68 1.86.1.82 
Veal 15.16, 4.04,11.52) 2.34 2.35) 1.19, 5.05) 3.7510.98'0.72)1 .92:2.12 
Lamb. 15.26) 4.01:10.39 2.37) 2.36 1.23) 5.24 3.88 1.03.0.72 1.801.92 
Pork | 13.31 3.6610.36 2.09 2.13 1.12. 3.81 3.39:0.83.0.72 2.01:1.89 
(Chicken, light 13.89 3.9610.11 2.04° 2.14 1.11 3.93 3.420.92,0.601.92 1.97 
dark 14.23 3.8610.08 2.44 2.10 1.05 4.54 3.37.0.93 0.64 .1.732.14 

Turtle 13.49) 3.84) 9.22) 2.29) 2.24! 1.21, 5.29) 
Frog 13.31 3.55 9.57 2.47 2.26 1.18 5.26 3.62:0.94.0.63 1.86 1.87 
Salmon 12.84 3.8910.78 2.40 2.12 1.18 3.30 3.08 0.89.0.54.1.85 2.22 
(‘odfish 12.58 3.45:10.06 2.27 2.19 1.10. 4.12 3.32.0.87.0.761.90'2.20 
Shrimp 13.18 3.05 9.99 2.53 2.20 1.06 3.32. 2.91.0.800.72 1.75 2.01 
Beef heart 14.95 3.60, 8.50 2.70 2.14 1.21 4.94 
Liver 13.33; 3.35) 7.21) 3.21; 2.22: 1.55) 6.04) 3.52/1. 13/0. 82/1 .41/1.70 
Kidney 13.93 3.91) 7.44; 2.90) 2.23 1.55' 5.09| 
Brain 12.82) 4.26 7.16) 3.09 2.46 1.41. 5.88 3.92:1.421.00:1.561.73 
Lung 12.64 3.28 6.88 2.17 1.82 0.95 5.55 2.82 +.120.691.061.47 
2.86; 6.97) 1.76; 1.81) 0.81) 5.83, .61 


Stomach 


*Correction for solubility applied. 
t*No solubility faetor applied. 


According to the figures in Table I, liver, kidney, and brain are very 
much alike in amino acid composition but differ from stomach and lung 
In cystine, tryptophane, tvrosine, and phenvlalanine. With reference to 
such significant differences in amino acid composition the functional 
characteristics of kidney, liver, and brain tissue should be recalled, to- 
vether with the fact that they contain large amounts of nuclear material, 
in contrast to muscle which represents large quantities of highly specialized 
evtoplasm. Similarly, the functional activities of the stomach and lungs 
may be related to the protein mixture. Heart muscle is similar to skeletal 
musele in funetion and amino acid composition, although it does appear 
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to be lower in lysine. ‘Thus, the differences in the values for the beef 
organs might be accounted for by the presence in these organs of different 
proportions of various types of tissue (muscle, parenchymal, and connec- 
tive). Each tissue may have a different amino acid composition, deter- 
mined by the specific function of the organ. 

Table IT shows the per cent of the total nitrogen of the tissues repre- 
sented by the ten amino acids. From 40 to 45 per cent of the total nitro- 
gen is thus accounted tor by ten amino acids. 30 to 39 per cent of the 
total nitrogen is contributed by the seven amino acids determined which 
are essential to animal growth and nutrition. 

Fig. | is a graphic representation of the molecular proportionality of 
the ten amino acids in mammalian muscles and may be taken as represen- 
tative of the amino acid pattern in muscle meats in general. The use of 
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molecular proportionality as a basis for comparison, as contrasted with 
percentage composition data, has the advantage of taking into account the 
different molecular weights of the amino acids. It will be seen that for 
every 10 moles of Ivsine furnished by mammalian muscle tissue about 9 
moles of serine, 7 of arginine and threonine, 4 of phenylalanine and tyro- 
sine, 3.5 of methionine, 2.5 of histidine, and about | oof tryptophane and 
cystine are present, 


SUMMARY 


The amino acid composition of the protein mixtures of ten edible muscle 
meats (beef, veal, lamb, pork, chicken, turtle, codfish, salmon, frog legs, 
and shrimp) and of six beef organ tissues (liver, kidney, brain, heart, 
stomach, and lung) is presented. 
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The determinations of amino acid distribution included arginine, histi- 
dine, lysine, tyrosine, tryptophane, phenvlalanine, serine, threonine, 


cystine, and methionine, seven of which are nutritionally essential for 


optimal animal growth, either through a limited ability or a total inability 
of the body to synthesize them. 

The protein mixture which makes up voluntary muscle tissues is similar 
in Mammalia, Aves, Amphibia, Pisces, and Crustacea, with respect to ten 
of the constituent amino acids. Since muscle tissues of these various 
classes Of animals do not differ widely in their amino acid patterns, the 
findings support the belief that the same or closely similar amino acid 
composition of muscle proteins is repeated throughout the animal kingdom, 

Larger differences in amino acid composition were found among the 
beef organs than among the muscle proteins of different species, as would 
be expected from their higher concentration of nuclear material and dif- 
ferent functional activities. 

In addition to an evaluation of the relative dietary values of the animal 
proteins in terms of ten specific amino acids, the data demonstrate the 
amino acid pattern to which animal muscle must conform in the svnthesis 
of tissue protein, 
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SPECTROPHOTOMETRIC STUDIES OF THE STORAGE OF 
VITAMIN A IN THE BODY 


By ROBERT W. LITTLE,* A. W. THOMAS, ano H. C. SHERMAN 


(From the Department of Chemistry, Columbia University, New York) 
(Reeeived for publication, Mareh 26, 1943) 


It has been shown by rat growth and by colorimetric methods (1, 2) 
that the body’s surplus or reserve store of vitamin A is carried almost 
entirely in the liver. 

The development! of a spectrophotometric method in which the technique. 
of destructive irradiation is employed has enabled us to confirm by an 
entirely independent technique the fact that the vitamin A content of 
musele, even of animals which have received liberal amounts of this 
vitamin in their food, is so small as to be barely measurable, while that 
of the liver is responsive to the level of intake through a wide range. 

The present paper records the results of quantitative studies of the 
influence of age and of the level of nutritional intake upon liver storage 
of vitamin A as measured by the new spectrophotometric technique. 

These results, in addition to increasing the definiteness and precision of 
our knowledge of the influence of the level of intake upon bodily storage 
of vitamin A, show an unexpectedly large influence of age upon the extent 
of the surplus thus held in the bodies of individuals on diets of different, 
but respectively constant, vitamin A value. 


EXPERIMENTAL 


The experimental animals were albino rats otf Known hereditary and 
nutritional background. All were of the same strain, inbred in our labo- 
ratory through more than twenty generations. Different groups of these 
closely related animals were fed, in striet parallel, upon the three diets 
desertbed in Pable To Offspring of the second or later generations on these 
respective diets were killed and their tissues assaved for vitamin A at 
the ages of 30, 90, and 150 days. The two sexes are equally represented 
In the average findings shown in ‘Table [lL for the different levels of vitamin 
A feeding and for the three ages studied. 

Table TL gives the means plus or minus the average deviations of the 
results of the assays of the liver tissues from animals at each of the three 
ages, and from families on each of the three diets, here studied. Also 
given in Vable TT are the numbers of assavs whose findings are represented 

* Present address, Chemical Warfare Service, United States Army. 

‘Little, Ro W., unpublished work. 
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in each mean result reported. The number of animals, especially at the 
earlier ages, was larger than the number of assays, because the tissues of 
two or four of the smaller animals were often combined into one analytical 
sample for spectrophotometric assay. 


TABLE 
Composition of Diets 
All diets inelude distilled water ad lthitum. 


Diet I Diet Il Diet Il 
gm, gm. gm. 
Sodium chloride. . 20) 16 16 
Cod liver oil supplements* 3 
iu. per om. iu. per gm tu. per gm. 


Vitamin A contentt.. 3 6} 12 


* Eli Lilly and Company; potency 2400 1.U. per gm. 
Tt As determined by biological assay in this laboratory. 


TABLE II 
Effect of Age and Diet upon Vitamin A Content of Liver 


Diet I Diet Il Diet Ill 


No. of assays I.u.pergm. No. ofassays  1.U. pergm No. of assays per gm. 

days 

30 o.1 + 0.7° 2° 70 + 

90 8.0 + 1.1 HO + 10 229 + 35 

150 | 42+ 17 | $25 + 40 


Be | | 


* Average deviation. 


DISCUSSION 


The findings of our spectrophotometric assavs, given in Table IL in 
terms of international units per gm. of fresh liver tissue, may be read 
downward for the effeet of age in the animals on each diet, respectively, 
and horizontally for the effects of Increasing nutritional intakes of vitamin 
Aas manifested at each of the three ages studied. 

The intake level of Diet [of Tables T and [I], 3 1.0. per gm. of vitamin A 
value us measured by rat growth assays, is that of Diet (Laboratory 
No. 16) of previous papers from our laboratories. It is adequate in the 
sense that it supports normal growth, reproduction, lactation, and length 
of life, generation after generation. But while the diet is thus adequate, 
it is not optimal, and its vitamin A value appears to be near the minimal 
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limit of the adequate zone. At this approximately minimal adequate 
level of vitamin A value of diet, the vitamin A content of liver tissue was 
about 5 1.U. per gm. at 30 days (end of infancy in the rat), rose to 8 at 
60 days, and then declined slowly to about 5 at 150 days of age (early 
adulthood in the rat). These differences are small in absolute terms, but 
relative to each other they indicate an increase of 60 per cent in the vita- 
min A concentration in the liver between infancy and adolescence, and 
then a return to the original concentration by early adulthood. In the 
light of the deviations of the assays, these age differences if they stood 
alone might be regarded as probably but not certainly significant. Their 
significance to the purport of this paper hes chiefly in the striking contrast 
between them and the corresponding age differences found in the animals 
whose diets were of higher vitamin A value. On Diet II] (7.e., with a 
2-fold higher intake level) there was an unquestionable (more than 4-fold) 
rise in the concentration of vitamin A in liver tissue between the ages of 
30 and 90 days and a probably significant fall in this concentration between 
the ages of 90-and 150 days. On a diet in which the vitamin A value was 
again doubled (Diet II], with 12 1.U. per gm.) the liver concentration of 
vitamin, already much higher at the age of 30 days, showed a much larger 
rise between the ages of 30 and 90 days, and continued to rise between 
the ages of 90 and 150 days. ‘Thus whether or not the age changes at the 
lowest intake level be regarded as significant, the data as a whole show 
clearly that increase of the vitamin A value of the diet to 2-fold and 
4-fold the lowest level here studied enables the body to store in the liver 
higher concentrations of vitamin A, and to continue the increase of these 
concentrations to higher uges. 


SUMMARY 


Using a spectrophotometric method developed in our laboratories, we 
have studied the concentrations of vitamin A in the liver tissues of rats 
maintained to the ages of 30, 90, and 150 days on family dietaries of 
vitamin A values of 3, 6, and 12 1.0. per gm., respectively. 

In striking degree, the higher levels of nutritional intake support higher 
levels of concentration of vitamin A in the liver, and enable the body to 
continue thus to increase its store of this vitamin to higher ages. 

The investigation of the interrelations of intake level. bodily store, and 
age is being continued. 
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DETERMINATION OF p-AMINOBENZOIC ACTD 


By ERNST R. KIRCH ann OLAF BERGEIM 


From the Department of Chemistry, College of Pharmacy, and the Department of 
Physiological Chemistry, College of Medicine, University of Illinois, Chicago) 


(Received for publication, March 19, 1943) 


We have reported recently (1, 2) a method for the determination of 
thiamine, depending on the color produced with diazotized ethyl p-amino- 
henzoate. In view of the interest in p-aminobenzoic acid and its anti- 
sulfanilamide action it was thought advisable to study the reversibility 
of the reaction, with thiamine as a reagent for this acid. Preliminary work 
had shown that diazotized p-aminobenzoic acid would produce a color in 
the same manner as the ethvl ester but of a lesser intensity, and that fur- 
thermore a closer control of pH] was required. Further investigation 
showed that this procedure could be put on a satisfactory quantitative 
basis with certain advantages over previous methods. Among these are 
the specificity. of the reaction, the general availability of the thiamine 
reagent, and the possibility of adaptation to simultaneous determination 
of peaminobenzote acid and various substances of the sulfanilamide type. 


ENPERIMENTAL 


Reagents 

1 A O22 per cent aqueous solution of thiamine chloride. 
2, \ 2 per cent aqueous solution of sodium nitrite. 

3. Acetic acid, 35 per cent. 

sodium hvdroxide (approximate) 

5. todine solution. 

6. | per cent sodiim bisulfite. 


7. Isonmvi aleohol, reagent grade. 


Proce dire 


Toa suitable amount of a solution to be tested, add distilled water to 
make a volume of about 20 ee. Add 0.3 ee. of 35 per cent acetic acid. 
The pH of the mixture should be about 2.90. Add 5 ee. of a diazo solution 
made by mixing equal volumes of the thiamine and sodium nitrite solu- 
tions. Then add 4 ee. ot the sodium hydroxide solution (pH of the mixture 
about Plt) and 3 ce. ot the aleohol Add about 0.5 ce. of 35 per 
cent acetic aerd to shift the solubilitw of the colored compound in the di- 
rection of the amvl aleohol (final pH about 5.3). Shake thoroughly, sepa- 


rate the aleohol, and drv over anhvdrous sodium sulfate. Read in a 
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spectrophotometer or other suitable instrument. (For the standard ref- 
erence curve see Fig. 1.) 

The smallest amount of p-aminobenzoic acid found to give a color under 
the above conditions was about 10 y. Fig. | shows a standard reterence 
curve obtained with known quantities of the acid, which was Eastman 
Kodak Comp.unv’s Red Label that had been reervstallized (m.p. 187.5°), 

Application of Method to Urine Ordinary urinary constituents do not 
interfere. In some urines low results were obtained due apparently to 
aseorbie acid and other reducing substances which had been known to 
interfere (1). These substances are therefore oxidized. 

Ordinarily | to 5 ee. of urine is used. Add water to about 20 ce. and 
0.3 ce. of acetic acid. Add 0.1 ~ iodine to the appearance of a brown color 


Per Cent Trarismirtance 


Micrograms of Amunobenzoic Acid at 500 ma 


Rig. 1. Standard reference curve 


and then a tew drops of | per cent sodium bisulfite. Then add = diazo 
reagent and proceed as above. 

(‘omplete recoveries of known amounts of p-aminobenzoie acid added 
to urme have been obtained in this wav. Potassium permanganate cannot 
he used because it completely oxidizes p-aminobenzoie acid. Some typical 
results are given in Table I. 

Determination of Conjugated p-Aminobenzore —p-Aminobenzoie acid 
is known to be excreted in the urine in both the free and conjugated forms 
(3, 4). One of the latter is the acetvl derivative. This compound was 
prepared according to the standard methods for acetylation and recrystal- 
lized until the products gave a melting point of 255-2456° (recorded m.p. 
256°). The acetyl derivative did not give a color with thiamine under the 


above conditions. When hvdrolvzed by acid, this compound could be 
determined quantitatively as the free acid. 
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Dilute a suitable amount of the compound in solution to about 9 ce. 
with water. Add 1 ce. of 10 per cent HCl. Heat in a boiling water bath 
for | hour. Cool and dilute to 20 ce. Then follow the procedure as de- 
scribed for the free acid, but use 6 ce. instead of 4 ce. of the sodium hy- 
droxide. ‘Table T shows the recovery of the acetvl derivative from known 
solutions. 

When the hydrolysis is applied to urine, the same method is used, the 
hydrolyzed sample being shaken twice with a few ce. of isoamyl alcohol 
to remove the colored material formed in the heating process before the 
test isapphed. The iodine solution is added to the hydrolyzed urine before 


TABLE I 
Determination of p-Aminobenzore Acid in Urines High in Ascorbic Acid 


mg. of ascorbie acid were added per LOO ec. of urine. 


Experiment No, Volume of urine p-Aminobenaa treatment 
Permanganate 
3 i) 15 
3 St) 15 

ri 1) () 


the diazo solution is added. Recovery of the acetvl derivative from urine 
is shown in ‘Table IT. 

Determination of p-Aminobenzore Nerd in Presence of Sulfanilamide and 
Related Compounds — Bratton and Marshall (5) developed a method for 
sulfanilamide using N-(l-naphthvbethvlenediamine dihvdrochloride. This 
procedure gives a color with p-aminobenzoie acid as well and has been used 
lor the estimation of the latter (6). It is not possible therefore to estimate 
p-eaminobenzoie acid and the sulfonamides in urine by this method when 


both are present. 

We have tested by our procedure the tollowing representatives of the 
sulfonamides, most of which produced a color. Sulfasuxidine did not pro- 
duce a color, while sulfathiazole produced a color which was insoluble in 
the isonmvl aleohol under the conditions of the test. Sulfaguanidine, 
sulfapvridine, sulfadiazine, and sulfanilamide produced a color which was 
soluble in isoamvl aleohol but insoluble in isopropyl ether, a solvent that 
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ean be used instead of isoamyl alcohol for the extraction of the color pro. 
duced by the p-aminobenzoic acid. These results may be arranged as 
in ‘Table TIT. 

Urinary Excretion of Ingested p-Aminobenzore Acid --Karly reports in 
the literature indicated that p-aminobenzoie acid passed through the ani- 
mal organism unchanged (7, 8). Later investigators reported that when 


TaBLe II 
Estimation of Acetyl p-aminobenzoic Acid after Hydrolysis 
5 ce. of solution + 4 ee. of water + 1 ee. of lO percent HCl were heated in a boiling 


water bath for lL hour. 


Amount of acetyl-p-aminobenzoi 


Experiment No. (Conditions of experiment acid 
Added Found 
| Water solution untreated 
3 SO) () 
6 st) SO) 


TasBLe II] 


Determination of Sulfonamides 


Color solubthty in) Color solubility in 


Color production isoamyl alcohol isopropyl! ether 
Sulfasuxidine 
Sulfaguanidine 
Sulfapyridine 
Sulfadiazine 
Sulfathiazole 
Sulfanilamide 


injected subcutaneously into rabbits it was excreted in part as the acetyl 
derivative (3, 4). Strauss and coworkers (6) found that about two-thirds 


of ingested p-aminobenzoic acid was excreted in the urine in the tree state 
and one-third in conjugated form in human subjeets. “They also found that 
the urinary excretion was rapid, being largely completed within 12 hours. 
Klinger and Hensel (3) found, following injection of the acid into rabbits, 
an exeretion of the acety! derivative for from to tdays. Our observations 
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indicate also some excretion of the acetyl compound beyond the 24 hour 
period in human subjects. No free p-aminobenzoic acid could be detected 
after 12 to 15 hours. Lewis (9) found, using a micro biological procedure, 
that as high as 96 per cent of the p-aminobenzoic acid in normal urine existed 
in the inactive form. Klein and Harris (10) found that only liver slices 
were able to synthesize the acetyl derivative of sulfanilamide and that the, 
reaction Was not reversible. Marshall, Cutting, and Emerson (11) found,! 


TABLE IV 
Urinary Excretion of p-Aminobenzore Acid Following Ingestion 
Experiment A, 1.5 gm. of p-aminobenzoic acid were ingested in one dose; Expert- 
ment B, 2.0 gm. of p-aminobenzoic acid were ingested in one dose; Experiment ©, 
1.5 gm. of acetyl-p-aminobenzoic acid were ingested in one dose. No free p-amino- 
benzoic acid was found in the urines. All values are expressed in terms of free 


p-aminobenzoic acid, 


Experiment A Experiment B Experiment C 


Urine p-Aminobenzoic acid Urine p-Aminobenzoic acid 
volume volume volume acid 
Total bree Total bree total 
me me me me cc me 
1.00 215 120.4 
2.20 275 352.0 320.2 
$.10 75 289.5 270 
1.30) 5 119.6 250 
0.00 Lt) ws 4 «192.4 18.2 
4.2 S00) IN. 4 
10.00 sou) 150.4 
12.00 210 10.9 0.0 470 37.6 5.7 213 14.7 
15.00 2.3 330 23.4 664 12.8 
24.00 400) 4.5 GOO 430 7.0 0.0 474 1.5 
28.00 ISO 2.V 0.0 2.0 O.0 194 3.4 
Total 1700 1072.3 479.5 1067.6 154.0 2279 603.2 


however, that the reaetion was reversible in the human body. We were 
not able to demonstrate anv free p-aminobenzoic acid in the urine tollow- 
ing ingestion of the acetyl derivative. The major part of the compound 
was eliminated in the first 12 hours but an appreciable excretion continued 


bevond the 24 hour period (Table TV). 


SUMMARY 


A method for the determination of p-aminobenzoie acid based on a color 
Its application to studies 


renetion with diazotized thiamine is described. 
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of excretion of free and conjugated p-aminobenzoic acid in urine is dis- 
cussed. 
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LETTERS TO THE EDITORS 


ACTIVATION OF THE ADENOSINETRIPHOSPHATASE SYSTEM 
BY ACK PTYLCHOLINE 


Sirs: 


We have demonstrated the presence of a calctum-activated adeno- 
sinetriphosphatase in the various tissues of rats, using a method of assay 
which appears to be specific for this enzyme. Since adenosine triphosphate 
is present in tissues and since its dephosphorylation is likely to be the im- 
mediate source of energy for vital endergonic reactions in general,! it seemed 
that the activation or inhibition of the adenosinetriphosphatase system 
should be an important factor in regulating the activity of a tissue. Heil- 
brunn and his students’? have accumulated considerable data to support 
the theory that ‘ta primary effect of a stimulating agent on a cell is to cause 
a release of caleitun from organic combinations in the cortex of the cell into 
the main body of protoplasm.” It has recently been shown! that adenosine 
triphosphate is dephosphorylated to adenosine diphosphate by a specific 
‘alclum-activated enzyme in skeletal muscle and that this enzyme appears 
to be identical with myosin. It was of interest therefore to determine 
whether acetvicholine, a chemical mediator of nerve stimulation,’ would 
activate adenosinetriphosphatase. Previous attempts® to demonstrate 
such activation have been unsuccesstul, probably because purified adeno- 
sinetriphosphatase (myosin) was used. We have used dilute whole tissue 
homogenates® for the study of adenosinetriphosphatase, and have shown 
activation by acetylcholine. A rat submanillary gland was removed, and 
small, weighed portions were placed in buffer (pH 7.4) or in buffer contain- 
ing acetylcholine, and incubated for various periods of time at 37°; the 


1A symposium on respiratory enzymes, Madison (1942). Potter, V. R., J. Am. 
Dietet. Assn., 18, 359 (1942). 

* Heilbrunn, L. V., Outline of general physiology, Philadelphia (1937). 

’Maxia, D.,/. Cell. and Comp. Physiol... 10, 291 (1937). 

‘Bailey, W., Biochem. J., 36, 121 (1942). 

‘Ziff, M., Proe. Soc. Exp. Biol. and Med., 61, 249 (1942). Engel’hardt, V. A., 
Lyubimova, M.N., and Meitina, R. A., Compt. rend. Acad. Se. U. R. S. S., 30, 644 
(1941), 

Potter, V. R., J. Biol. Chem., 141, 775 (1941). 
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samples were then homogenized and the adenosinetriphosphatase activity 
was determined on aliquots with and without added calcium. The activ- 
ity is expressed as the amount of inorganic phosphate liberated per mg. 


Activity with Activity without . 
Incubation time — added acetylcholine 

min. per cent 
0 L2 Is.0 4.5 
1: 50,000 2 Is.0 2.8 
1: 50,000 12 Is.0 


of tresh tissue in 15 minutes. When an excess of calcium was present, no 
Increase in activity was obtained with acetvicholine. When no calerum 
was udded, a considerable increase in activity was obtained with acetyl- 
choline as compared with that in the control. Whether the action of 
acetvicholine is to be explained on the basis of Heilbraunn’s general theory 
remains for future research, but the data are compatible with such a view. 
The activation of the adenosinetriphosphatase svstem by acetvicholine 
cannot be demonstrated when the test is applied directly to a homogenate, 


McArdle Memorial Laboratory hk. P. De Bots 
Medical School VY R. Porrer 
ersily of Woesconsin 


Madison 


feceived for publication, March S, 1944 
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EFFECT OF LIGHT IN THE VAN SLYKE METHOD FOR THE 
DETERMINATION OF AMINO GROUPS 
Sirs: 

During a study of protein-aldehyde reactions, unexpected variations were 
obtained in amino nitrogen determinations of proteins and their derivatives 
by the manometric method of Van Slvke.! Of the amino acids studied, only 
tvrosine showed a similar behavior. While a 3 minute reaction period 
(usually emploved for @-amino groups) gave values which did not signif- 
icantly exceed the theoretical, the amount of inert gas developed by tvro- 
sine in 15 minutes (used for proteins) corresponded to 100 to 200 per cent 
of the theoretical amino nitrogen. A search tor the cause indicated a cor- 
relation between these high values and the intensity of light falling upon 
the reaction chamber. The highest values were obtained in direct sun- 
light; values 80 to 40 per cent above theoretical were obtained in diffuse 
davlight, and theoretical values in the dark. The effective spectral region 
appeared to be within the visible region, since sunshine exerted its action 
after passing through three glass walls and a water jacket. The effects 
produced by a LOO watt projection lamp and by a mereury vapor lamp 
(both placed near the reaction vessel) were of the same order. 

The effect of light on the reaction of several compounds with nitrous 
acid was studied subsequently, in the manner described above. The pro- 
jection lamp served as light souree and a black paper cover was applied to 
insure darkness. Only phenolic compounds were found to give consider- 
ably higher light than dark values; acetvlation of the phenolic groups pre- 
vented the photoreaction” Attempts to apply this reaction to the deter- 
mination of tyrosine in proteins were unsuecesstul, possibly because of 
precipitation and clumping. However, the difference between light and 
dark amino nitrogen values has given useful indications as to the relative 
amounts of free phenolic groups in certain proteins and their aldehvde- 
treated derivatives, 

'Van Slyke, D. D., J. Biol. Chem., 83, 425 (1929). 

’ The reaction mechanism postulated by Morel and Sisley (Morel, A., and Sisley, 
P.. Bull. Soe. chim., 41, 1217 (1927)), involving diazotization and the formation of a 
dihvdroxy compound and nitrogen, was favored by the vellow color of the reaction 
mixture and the increased chromogenic value with Folin’s reagent. The slightly 
higher light than dark values observed for amino acids other than tyrosine are 
explainable as due to an increase in the rate of secondary reactions (/.¢. of other than 
e-amino groups) by the small rises in temperature during illumination (1-2°). The 
tvrosine reaction is not due to this faetor (Sehmidt, C. LL. A., J. Biol. Chem., 82, 
SST (1929)). It was also found unaffected by the addition of potassium iodide. A 
somewhat less pronounced effect of light was observed also in the volumetric ap- 
paratus (15 minutes). 
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Effect of Light on Development of Inert Gas by 1 Mole of Various Compounds 
Treated with Nitrous Acid 


Averages of two or more analyses; reaction time, 15 minutes; temperature, 25-28°: 


for the conditions of illumination see the text. 


Nitrogen 


Compounds Difference 
Dark Light 
l-Tyrosine... 1.00 1.67 0.67 
Carbobenzoxy-l-glutamyl-l-tvrosine 0.15 0.79 0.64 
Glyeyl-l-tyrosine 1.67 0.55 
p-Cresol...... 0.00 0.23 0.23 
Phenol. . 0.00 0.07 
l-Arginine. 1.07 1.15 00S 
l-Lysine... 1.89 1.97 0.08 
l-Tryptophane,* l-histidine, l-eysteine* 0.03 
/-Phenvlalanine, /-threonine, glycine* 0.02 


* These compounds developed more than | mole of mitrogen in the dark. 


The author is indebted to Dr. H. Ss. Oleott of the Western Regional Re- 


search Laboratory for suggestions and eriticism and to AML. Cooper for 


technical assistance. Dr. M. Bergmann of the Rocketeller Institute, 
New York, kindly supplied samples of glvevl-/-tvrosine and carbobenzoxv- 
/-glutamyl-/-tvrosine. 


Western Regional Research Laboratory Heinz FRAENKEL-CONRAT 


Bureau of Agricultural and Industrial Chemistry 
Agricultural Research Administration 

(nited States Department of Agriculture 

Albany, California 


Received for publication, March 23, 1943 
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THE LIFE-MAINTAINING AND GLUCONEOGENIC PROPERTIES 
OF THE CORTIN-LIKE MATERIAL EXCRETED 
POSTOPERATIVELY* 


S irs: 


Weil and Browne! and Dortman et al.“ showed the presence of cortin- 
like material in the urine of postoperative patients and of normal men by 
demonstrating the ability of extracts of these urines to protect the adrenal- 
ectomized rat against the lethal action of cold. By a series of solvent parti- 
tions, which will be described in detail in a later communication, it is now 
possible to obtain from the ethylene dichloride extracts of pooled post- 
operative urine fractions which contain 10 to 30 Selye-Schenker* cold units 
per liter of urine (20 cold units are equivalent to 1 ml. of ‘‘adrenal cortical 
extract,’ Connaught). The biological properties of these extracts have 
been studied. 

The ability of the cortin-like material to maintain life and growth of the 
adrenalectomized immature rat was ascertained. Male rats weighing 38 
to 45 gm. were used. 48 hours after adrenalectomy the extracts were 
administered subcutaneously twice daily for 12 days at a dose level in- 
dicated in the accompanying table. Sixteen of the twenty rats receiving 


Average 


Daily dose, No. of rats Average No.of rats survival 


cold units’ | injected | | surviving time after 
| injection 
| | | gm. days 
Untreated controls | 33 | ()* 
“Adrenal cortical extract,” | | 
Urinary extract | 40) | 20 S.9 16 4.8 


* The average survival time was 4.0 days. 


urinary extract survived the period of injection, as contrasted with the 
controls whose average survival time was 4.9 days. Withdrawal of the 
extract was followed by the death of all sixteen rats in 4.8 days. The 
urinary cortin-like material was not as effective as the adrenal cortical 
extract in inducing gain in weight. 


* Supported in part by the National Research Council of Canada. 

'Weil, and Browne, J. 8. L., Science, 90, 445 (1939). 

> Dorfman, R. 1., Horwitt, B. N., and Fish, W. R., Science, 96, 496 (1942). 
‘Selve, H., and Schenker, V., Proc. Soc. Exp. Biol. and Med., 39, 518 (1938). 
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To determine the effect of the cortin-like material on carbohvdrate 
metabolism 10 cold units were injected hourly into eight fasted adrenal- 
ectomized rats for 7 hours according to the method of Reinecke and Ken- 
dall.! The liver glycogen was measured and compared to amounts de- 
posited by 0.25 and 0.5 ml. of “adrenal cortical extract,’ Connaught. 
The amount of glvcogen deposited following administration of the urinary 
extract was about 20 times that found in the livers of untreated rats but 
less than that deposited by an equivalent quantity of adrenal cortical 
extract, as shown in the accompanving figure. 
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JRINARY CORTICAL CORT: 
IN TROL EXTRACT EXTRACT EXTRACT 
(4 coid units’ Sculd units ) (190 unit 


The demonstration that cortin-like material exereted postoperatively 
possesses life-maintaining and gluconeogenic properties stipports the view 
that these substances mav be derived from the adrenal cortex, 


VeGill University Clinic ANOR TE. VeENNING 
Royal Victoria Hospital 
Montreal, Canada Jos. Browne 


Received tor publication, March 17, 1943 


‘Reimecke, R. M., and Wendall, C., Endocrinology, 31, 5738 (1942). 
* Supported by a grant from the Banting Research Foundation, 
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FURTHER EXPERIMENTS ON THE ROLE OF THE AMINO ACIDS 
IN HUMAN NUTRITION* 
Sirs: 

A recent note! from this laboratory outlined the results of experiments 
designed to determine the nutritive significance of the amino acids in man 
as measured by their réle in the maintenance of nitrogen equilibrium. 
The data demonstrated (a) that the twelve amino acids previously shown 
to be dispensable for rats and dogs are also dispensable for human subjects, 
and (6) that in the latter species valine and methionine are indispensable 
dietarv components. ‘These experiments have now been extended to in- 
clude threonine, leucine, isoleucine, phenylalanine, and histidine. 

The diets were similar to those previously emploved, and furnished 7 to 
SOS gm. of nitrogen and 2950 to 3950 calories per day. The vitamins were 
supplied in the form of cod liver oil, and appropriate amounts of crystalline 
thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, nicotin- 
amide, ascorbic acid, calcium pantothenate, a-tocopherol, and 2-methyl- 
I 4d-naphthoquinone. The unidentified factors were furnished in the form 
of a concentrate of liver equivalent to 5 gm. daily of Wilson’s “liver powder 

Healthy voung men served as the subjects. In each, a fore period pre- 
ceded the attempt to induce an amino acid deficiency. During this time, 
except as indicated below, the subjects received the ten amino acids pre- 
viously shown to be necessary for animals. When nitrogen equilibrium 
had been established, the amino acid under investigation was withdrawn 
from the food. The results demonstrated that threonine, leucine, tso- 
leucine, and phenylalanine are necessary constituents of the dict of man. The 
exclusion of each from the food was followed by a pronounced negative 
nitrogen balance. This was most marked in the case of isoleucine and 
phenvialanine, but was also unmistakable with leucine and threonine. 
After the experimental period, the missing amino acid was returned to the 
diet and resulted promptly in the reestablishment of nitrogen equilibrium. 

The findings with histidine were most unexpected. “Thejremoval of this 
amino acid trom the tood induced no change whatsoever in the nitrogen 
balance of the subjects. At first this observation was viewed with scepti- 


cis. = We suspected that, despite the intensive purification of the amino 


acids, histidine had found its wav into the food as a contaminant. Careful 
tests showed this not to be the case. Repetition of the feeding trials with 


“Aided by grants from the Nutrition Foundation, Ine., and the Rockefeller 
Foundation. 
1 Rose, W.C., Haines, W. and Johnson, J. J. Biol. Chem., 146, 683 (1942). 
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other subjects led to identical conclusions. Furthermore, the marked 
negative balance induced by isoleucine or phenylalanine deprivation was 
remedied promptly by the return of isoleucine or phenylalanine to the food 
even in the absence of histidine. Fordently, histidine ts not necessary for 
the maintenance of nitrogen equilibrium in human subjects. The investiga- 
tion is being continued and the réle of tryptophane, lvsine, and arginine ‘ 
will be announced in the near future. 


Division of Biochemistry ©, Roser 4 
Noyes Laboratory of Chemistry Witiiam J. HAtNes 
University of Illinois JOHNSON 
l'rbana DonaLp T. WARNER 


Received for publication, April 2, 19438 
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NOTATIN: AN ANTIBACTERIAL GLUCOSE AERODE- 
HYDROGENASE FROM PENICILLIUM 
NOTATUM WESTLING 


Sirs: 


A group of American workers! has recorded the isolation and chemical 
and bacteriological properties of penicillin B, an antibacterial substance 
obtained from cultures of Fleming’s® strain of Penicillium notatum Westling. 
They have shown that penicillin B is protein in nature and differs markedly 
from true penicillin, since it is insoluble in ether. They record that ‘‘glu- 
cose IS a necessary ingredient of the culture medium if the striking anti- 
microbial action of the active principle is to be observed.’’ They conclude 
that, ‘‘While the mode of action of penicillin B is not understood, it has been 
observed that such activity is bactericidal in nature rather than merely 
bacteriostatic.”’ 

Kocholaty® records observations indicating the presence in culture fil- 
trates of Penicillium notatum of an antibacterial substance distinct from 
penicillin to which he has given the name penatin. No information is 
given as to the isolation of penatin. 

A group of British workers,* working under the aegis of the Therapeutic 
Research Corporation of Great Britain Limited, has recorded the isolation 
and chemical and bactertological properties of notatin, an antibacterial 
glucose aerodehydrogenase from Fleming’s strain of Penzeillium notatum 
Westling. These workers found that notatin only exerts its antibacterial 
activity under certain well defined conditions, but under these conditions 
it is a very powerful bactericide, completely inhibiting the growth of 
Staphylococcus aureus w dilutions as great as | part in J billion. It is also 
active in very high dilutions against a wide range of both Gram-positive 
and Gram-negative organisms. The essential conditions are (1) presence 
of oxvgen, (2) presence of glucose, (3) absence of appreciable amounts of 
catalase. Notatin is a glucose aerodehydrogenase which in the presence of 
oxygen converts glucose into gluconic acid with the simultaneous production 
of hydrogen peroxide according to the equation 


R-CHO + HoO + -+ R-COOH + H.O, 


Roberts, C., Cain, K., Muir, R. D., Reithel, F. J., Gaby, W. L., Van Brug- 
gen, J. T., Homan, D. M., Katzman, P. A., Jones, L. R., and Doisy, LE. A., J. Biol. 
Chem., 147, 47 (1943). 

Fleming, A., Brit. J. Path., 10, 226 

’ KRocholaty, W., J. Baet., 44, 142, 469 (1942). 

‘Coulthard, Short, W. F., Michaelis, R., Sykes, G., Skrimshire, G. H., 
Standfast, A. F. B., Birkinshaw, J. H., and Raistrick, H., Vature, 160, 634 (1942). 
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We believe that the antibacterial activity of notatin is in the main, if not 


indeed exclusively, to be attributed to the formation of hydrogen peroxide. 


The experimental evidence on which the conclusions of the British 
workers are based is being prepared for publication, but in the mean time 
we wish to place on record our belief that penicillin B, penatin, and notatin 
are one and the same substance and are distinet, both in their chemical 
nature and in their mode of action, from true penicillin. 


London School of Hygiene and Tropical Medicine Birk Insnaw 
London, England RaisTRick 


Received for publication, April 9, 1943 
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l-AMINO ACID OXIDASE OF ANIMAL TISSUES 


Sirs: 


The oxidative deamination of the natural amino acids which Krebs! and 
others? have studied in surviving tissues is now generally regarded to be due 
to the action of several enzymes. One of these has now been obtained in 
purified, soluble form from rat kidney and liver by methods of preparation 
involving principally low temperature acetone precipitation and salt frac- 
tionations. The enzyme catalyzes the oxidation of some twelve /-amino 
acids in the following descending order of velocities, (100) leucine, (44) 
methionine, (43) norleucine, (32) norvaline, (17) phenylalanine, (16) 
trvptophane, (14) isoleucine, (13) tyrosine, (9) evstine and valine, (8) 
histidine, and (6) alanine. It has little if any action on aspartic acid, 
glutamic acid, arginine, ornithine, lysine, serine, and threonine, and no 
action on 3-alanine, glveine, or the d-amino acids. The available evidence 
is consistent with the view that this /-amino acid oxidase represents a single 
enzvme. 

The enzyme reacts with both molecular oxygen and hydrogen acceptors 
such as methvlene blue. During the aerobic oxidation of leucine and 
norleucine and in the presence of catalase | molecule each of NH, and keto 
acid is produced for each atom of oxygen absorbed. In the absence of 
catalase H.O. formed in the reaction accumulates, and the ratio O: NH, 
approximates 2:1. The keto acids corresponding to leucine, norleucine, 
and methionine have been isolated as the 2,4-dinitrophenyvlhydrazones. 

The d- and /-amino acid oxidases have similar solubilities in salt solution. 
Thus all our preparations of the /-enzyme contain some d-enzyme as well. 
It is possible, however, to climinate the action of the d-enzyme by taking 
advantage of the fact that at pH 4.4 and in the presence of 15 per cent 
the d-enzyme is precipitated as the catalytically inactive flavin-free 
protein, Whereas the /-enzyme is precipitated largely in the active, unsplit 
lorm. Thus in the absence of added flavin-adenine dinucleotide such a 
preparation behaves exclusively as an /-amino acid oxidase. After several 
repetitions of the above precipitation the split d-enzyme is completely 
destroved, whereas a considerable proportion of the /-enzyme survives. 

The -amino acid oxidase has been prepared from the kidneys of rabbit, 
cat, mouse, and pig, but in no case Was a preparation obtained which ap- 
proximated the activity of the preparation from rat kidney. The animal 

‘Krebs, HL. AL, Z. physiol. Chem., 217, 191 (1933); Biochem. J., 29, 1620 (1935). 


‘Bernheim, F., and Bernheim, M. L. C., J. Biol. Chem., 107, 275 (1934). Bern 
heim, F., J. Biol. Chem., 111, 217 (1935). Wiseh, B., Biochem. Z., 280, 41 (1935). 
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l-oxidase resembles its analogue in Proteus vulgaris as tar as specificity, 
mechanism of reaction, and kineties are concerned but it differs in being 
insensitive to capryl aleohol and HCN. 

I). GREEN 
V. Nocrro 

RATNER 


Departments of Medicine and Biochemistry 
College of Physicians and Surgeons 
Columbia University 
New York 


Received for publication, April 16, 1943 
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FERRITIN 


If. THE MAGNETIC PROPERTIES OF FERRITIN AND SOME OTHER 
COLLOIDAL FERRIC COMPOUNDS 


By LEONOR MICHAELIS, CHARLES D. CORYELL, ano 8. GRANICK 


(From the Laboratories of The Rockefeller Institute for Medical Research, New York, 
and the Department of Chemistry, University of California, Los Angeles) 


(Received for publication, February 8, 1943) 


Since ferritin (1, 2) is an iron compound, it is suggestive to investigate 
its magnetic properties. ‘The content of iron in the ferric state is very high, 
23 per cent, higher even than in many inorganic iron compounds. Macro 
homogeneous solutions of rather high concentration can be easily prepared. 
These properties make an accurate measurement of the magnetic property 
of the iron atom quite easy. Its magnetic susceptibility was expected, 
and found experimentally, to be independent of the intensity of the mag- 
netic field. So the substance is strictly paramagnetic with no contamina- 
tion of any ferromagnetic substance. As regards the numerical value of 
the susceptibility obtained experimentally, no correction for any diamag- 
netic contribution of the protein molecule is necessary. The diamagnetic 
volume susceptibility of water and that of any, even highly concentrated, 
protein solution differ so little from each other that the total value of the 
paramagnetic susceptibility can be ascribed to the iron alone, within the 
limits of error. 

As it became evident in the course of the study that the iron in ferritin 
is present in the form of micelles of colloidal ferric hydroxide, a thorough 
investigation of various kinds of colloidal terrie hydroxide is ineluded in 
this paper for comparison, with a few remarks also on some crystalline 
minerals of the same composition. 


Methods and Preliminary Theoretical Introduction 


The measurements were performed by a somewhat modified Gouy 
method, in part in Los Angeles with the macromethod described by Coryell, 
Stitt, and Pauling (3), by which the magnetie pull is measured in terms 
of mg. of weight, in part in New York with the micromethod deseribed 
by Michaelis (4), by whieh the magnetie pull is measured in terms of lines 
of deflection of the pointer of a magnetically damped semimicro balance. 
In both methods advantage is taken of the double vessel, or compensation 
vessel, such as was first used by Freed and Kasper (5). The second method 
affords the same degree of accuracy as the other at much lower field 
strengths. The comparison of the two methods confirms the reliability 
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of the micromethod and gives added evidence of its utility for those cases 
in which the other is not sufficiently sensitive. 

Measurements with the macromethod were executed at room tempera- 
ture and at 2°. A solution of ferritin is placed in the upper half of a 
cylindrical, double compartment tube supported vertically by a light silver 
chain to hang between the poles of a large horizontal water-cooled clectro- 
magnet. The septum of the tube is at the level of the pole axis; the lower 
compartment contains water to reduce the effect of the water of the ferritin 
solution. “The measurements at room temperature are made with a closed 
wooden box surrounding the tube. The measurements at the lower tem- 
perature are made with the tube suspended freely in a heavy copper 
eylinder supported between the poles, the evlinder being cooled by an 
iwe-water mixture concentrically placed above and below the pole gap so 
that a constant, steady state of temperature obtains inside, 20 above that 
of the bath. The apparatus, including « metal column surrounding the 
chain up to the balance, is flushed with precooled dry air while the steady 
state is being reached, and dew formation on the tubes does not occur. 
The apparent increases in weight, in terms of mg., when the magnet is 
excited with manually stabilized reproducible currents of 10 and + amperes 
(corresponding approximately to 7 and 9 kilo-oersteds) are observed and 
those at 14 amperes are reduced to equivalent readings at 10 amperes with 
the experimentally determined ratio, to be recorded as Aw. ‘The ditference 
between the volume susceptibility of the ferritin solution and that of water, 
‘alled Is given by the following equation. 


Aw, — 


(a, Ky) 

The subseripts X, Wy, and A to Aw refer to territin solution, water, and 
air, respectively, as contents of the upper compartment, and the volume 
susceptibility of air, «4, and of air-saturated water, cw, are taken as 
+().029 and —0.719 XK at) room temperature (6). 

Values of ki, divided by the number of gm. atoms of iron per ec. give 
the value of the gm. atomic paramagnetic susceptibility of the iron atom, 
which will be designated as y;.. 

The micro modifieation of the method (4) differs from the original method 
in that the magnetic pull is measured in terms of lines of deflection instead 
of mg. A semimicro balance is equipped with a scale of 200) divisions, 
read through a microscope, at its pointer. bach line of deflection corre- 
sponds to approximately 10°° gm. It is not necessary to calibrate the 
scale in terms of weight at all, the calibration rather being made directly 
in terms of volume susceptibility, as follows: The content ot the lower 
compartment is kept constant throughout all experiments, sav in the torm 
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of a 1 per cent agar gel which precludes rising of air bubbles. The deflec- 
tion when the magnet is excited is first read with air in the upper compart- 
ment. In contrast to the other method, the amperage is not kept the 
same (10 or 14 amperes) for all experiments but each time adapted so as 
to produce a deflection of 80 to 150 divisions. ‘The maximum deflection 
on excitation of the magnet abruptly is observed solely. To reach the 
maximum deflection, 15 seconds are needed with the magnetically (almost 
critically) damped balance. The observation is repeated six to ten times; 
the agreement is usually within +2 lines, and the average of the readings 
is taken. The deflection that occurs when the current is broken is never 
read or utilized for any calculation, since it is not possible to obtain repro- 
ducible values with it. With air in the upper compartment, a current as 
low as 2 or 3 amperes is sufficient, depending of course on the relative 
dimensions of the pole gap and the cross-section of the vessel. It has been 
ascertained for the magnet used (“isthmus magnet,’ General Electric Com- 
pany) and for the conditions of our experiments that at least up to 10 
amperes, for pole gaps not smaller than | em., the pull that occurs when 
the magnet is excited is strictly proportional to the square of the amperage ; 
In other words, that the magnetic field intensity is proportional to the 
current intensity. This agreeable property of the apparatus makes it 
“sv to express each observation ina form always valid for one standard 
amperage, sav 1O amperes. 

After the experiment with air in the upper compartment is finished, 
another experiment is made with water. The (algebraic) difference of the 
deflection with air and with water corresponds to a difference of volume 
susceptibility of O.748 & 10-8 Henee, if this corresponds to n lines of 
deflection at LO amperes, each line of deflection corresponds at 10 amperes 
to O.7AS & 10° of volume susceptibility. ‘This figure must be 
determined tor each vessel and for each width of the pole gap and is desig- 
nated in Table TT, as vessel constant.” [Tt was usually between 2.5 & 
andd & 100! e.Gus.c., and was reproducible over anv length of time within 
I per cent. 

The vessels used had a cross-section in the neighborhood of 5 to 8 mm., 
and a length of approximately 11 em. for each of the two compartments. 
It Was ascertained that the result was the same whether the septum of the 
vessel was exactly in the axis of the poles or a few mm. below or above. 
This condition must be fulfilled, because the vessel moves a few mm. in 
the vertical direction during the deflection. ‘To obtain this condition it 1s 
necessary that the diameter of the pole (3 em. in our apparatus) be con- 
siderably larger than the cross-section of the vessel, so that the septum of 


the double vessel always remains in the homogeneous region of the mag- 
netic field while moving. [Tt was also ascertained for each vessel that the 
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result is independent of whether the upper compartment is filled to the 
brim or about 2 to 3 mm. below the brim, showing that the upper brim of 
the vessel reaches into a region of negligibly small field strength. The 
capacity of the compartment was, for instance for one of the vessels, 1.92 ee, 
It is not necessary to determine the magnetic field strength. It may be 
noted that it varied under our working conditions from 1000 to over 10,000 
oersteds. ‘To arrive, from the measured volume susceptibility, to the 
susceptibility per gm. atom of iron, xp,, the same procedure is used as for 
the other method. 

The effective magnetic dipole moment, registered in Tables I to II], 
is calculated according to the simple Curie law, in terms of Bohr magne- 


tons (B. M.). 
Metf. = 2.84 Vx 3 (1) 


Where T is the absolute temperature, and x the susceptibility. “The more 
general form is the Curie-Weiss equation 


yu = 2.84 Vx(T @) (2) 


where 0 is a constant that applies for a particular substance in a particular 
compound and state. It 0 should have any value not negligible compared 
with 7’, the moment, as caleulated from Equation 1, would change when 
the temperature Was varied. This is not the case with ferritin, at least 
not within the limits of error, as will be discussed in more detail later on. 
Consequently it is legitimate to use the numerical value of the moment 
obtained with Equation | to arrive at certain conclusions. Such conelu- 
sions as are important from a chemical point of view are the calculation 
of the number of unpaired electrons in the iron atom, the derivation from 
it of the nature of the chemical bonds by which the iron atom is bonded to 
the other atoms, and finally the structural properties of the iron complex 
compound as a whole. 
Susceptibility of Ferritin 

Table I shows the result of the first (macro) method on several ferritin 
solutions in two temperature ranges. At room temperature the gm. atomic 
susceptibilities agree within experimental error. Considering the higher 
reliability of large Aw values, we take 5900 &K 10°° as the average suscepti- 
bility at 27°, rehable to about +80, and 3.78 + 0.08 B. M. as the best 
value for the magnetic moment. The susceptibility at the lower tem- 
perature increases, the values being just a little higher than expected 
according to Curie’s law.  Tlowever, since the limit of error is higher in the 
experiments at lower temperature, the deviation from Curie’s law is not 
decidedly bevond the limits of error and the 0 in Equation 2 is at any rate 
small compared with 7 in the range of room temperature. 
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Table I] presents the results of the second (micro) method on several 
ferritin solutions. The agreement of the effective moment with that in 
Table I is satisfactory. : 

Table III gives the results of susceptibility and moment determinations 
on the non-erystallizable fraction of ferritin, on solutions treated with 


TABLE [ 
Determination of Magnetic Properties of Ferritin with Macromethod 


| 
| «|= 
| 

[ 0.0964 29 23.38 | 1.07 | 30.61 , 5860 _ 3.79 

I] 0.142 26} 0.80 —6.41 | 0.19 | 5750 | 3.72 

IV 0.176 25 7.84  —22.24 | —0.78 | 5950 | 3.79 

| 0.398 2 —14.83 | —22.37 | -—0.90 | 6640 | 3.84 

IV 0.176 2 11.91 | —22.07 | —0.72 | 6790 | 3.88 


TABLE II 
Determination of Magnetic Properties of Ferritin with Micro (or Deflection) Method 


Preparation No be ‘Temperature 10% Fe 
meg. per cc. 

| 5.37 +4 0.02 22 2.08 

537 22 3.30 H160 3.83 

5.37 22 3.13 6115* 43.87 

0.537 22 2.92 H165* 3.73 

1.52 3.13 H450 3.92 

1.52 23 3.15 3.76 

Average (unweighted) : 7 H145 3.81 


* Average of several determinations. 

+ Averages of measurements at 1.37, 2.05, 3.50, and 7.00 amperes, agreeing within 
l percent. The reading at 7 amperes was made by the macromethod. 
NaOH, on heat-coagulated material, and on ferritin isolated from the 
spleen of a horse previously subjected to many bleedings. All of these 
preparations show magnetic moments identical within experimental error 
with those of normal ferritin (Tables I and IT). 


Hlemosiderin 


Hemosiderin granules were obtained from the spleen by centrifugation 
of the juice and repeated washing with water in the centrifuge. Finally, 
the granules were suspended in as little water as feasible. Such a thick 
suspension has very little inclination to settle, and may be taken as a 
nearly macro homogeneous suspension during the time necessary for the 
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measurements. ‘The results are given in Table [V. The susceptibility 
and the effective moment are somewhat smaller than for ferritin. The 
chemical homogeneity of the hemosiderin granules may be doubted. With 
this fact taken into consideration it seems that the iron of hemosiderin is, 
at least in its main part, in the same magnetie state as in ferritin, and that 
some of its iron may be in a state of lower susceptibility. 


TABLE IT] 


Magnetic Measurements on Miscellaneous Ferritin Preparations (Micromethod) at 22° 


Preparation 

No. Conditions ke molal M 
me. per cc. 

Vil Non-erystallizable fraction remaining after 6.00 5OHSO 3.68 


exhaustive CdSQ, erystallization (ef. 
(1, 2)) 


IV 3ece. ferritin + 2ce.0.1N NaOH 5.90 | 6150* 3.78 
10 ec. ferritin + 0.5 ce. 7.5 N NaOH 40 6330 3.88 
Homogeneous ferritin gel irreversibly H2S0 3 S6 


coagulated at 100° 
Ferritin of normal Fe content obtained in S4 
low yield from horse bled many times 


Average (unweighted) 6132 3.8] 


* Value 6300 on the next day. 


TABLE IV 


Micromethod temperature, 22: he, Der ec. 


1520 3.24 

4810 (6.1 amperes +. 41 
4 


Magnetochemical Studies on Ferritin 
The magnetic susceptibility of ferritin brought to different pH values 
with acid or base was determined essentially with the macromethod.  Cor- 
rection was made for dilution by the reagents, and the molal susceptibility 
values caleulated with the aid of equation |. The results are represented 
in the following tabulation. 


4.2 5.45 a4 10.5 


* Measurement made 3 days later. 


5 
| 
| | 
| 


MICHAELIS, CORYELL, AND GRANICK 469 


It is obvious that there is no change in the susceptibility with pH over 
a wide range, nor with time, in a solution as acid as pH 2.1. 

An effort was made to determine the acid limit of stability of the sub- 
stance. The dropwise addition of 1.0 cc. of 2 N hydrochloric acid to 5 ee. 
of ferritin at pH 2.1, with mechanical stirring, led to no immediate appar- 
ent change, but an orange turbidity developed in several minutes. 4 ce. 
more of acid were added to the mixture to make it | N in aeid. It took 
about 10 minutes to get the susceptibility of the uniform orange suspension 
of the now coagulated ferritin; the value of 10° xp, was found to be 8400. 
Within an hour the precipitate had settled down in the tube. After 2 
days the tairly compact precipitate was pure white and the clear super- 
natant liquid looked like a dilute ferric chloride solution. The suspension, 
after being shaken up to obtain a uniform suspension, gave the value 
14,500 for 10°). which is that of ferric chloride in acid solution (ue, = 
close to 5.9). 

A study was made magnetically of the effect of solid sodium dithionite 
in the presence of some sodium bicarbonate on ferritin, initially at pH 10.5. 
It was found, in agreement with the result of Paper IL (2), that slow redue- 
tion does occur at room temperature. To 7 ce. of ferritin in the same 
magnet tube used for the determinations given in the accompanving tabu- 
lation, there was added approximately O.1 gm. of sodium dithionite 


Time, Ars. (0) 0.1 2.3 2.8 4.8 90 | 23 
(5900) S2Z00* 98200 9500 10,500 (10.100) 


* Charge of dithionite increased. 
+ After shaking. 


90 per cent pure), approximately twice the metatheti- 
cal amount required for reduction. ‘The gm. atomic susceptibility is given 
as a function of time. The color changed gradually from red-brown to a 
greenish brown. A qualitative spectrophotometric study showed greatly 
increased ultraviolet absorption, at least partly due to the dithionite ion, 
and a tair increase in absorption in the red region. At the end of the study 
the solution readily reduced methylene blue, indicating either an excess of 
dithionite or a considerable reducing power of reduced ferritin. The 
susceptibility rises slowly on reduction, apparently going to an asymptotic 
value of 11,000.) On the assumption that this represents the limiting value 
for reduced ferritin, the magnetic moment is caleulated to be 5.1 B. M. 
This is just the value found for ferrous ion or ionic ferrous complexes for 
Which the moment from electron spin alone is predicted to be 4.9 B. M., 
and for which «a value slightly higher is to be expected, owing to incom- 
pletely quenched orbital contribution. Covalent ferrous complexes with 
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one d orbital involved in bond formation should give a moment somewhat 
above 2.4, and covalent ferrous complexes with two d orbitals as with 
d?sp* octahedral complexes (such as ferrocyanide ion, or the a,a’-bipyridine 
ferrous ion) should and do give zero. 

After it had been recognized (2) that the reduction of ferritin’ by 
sodium dithionite proceeds with much greater speed in a slightly acid 
solution, a similar experiment was performed in which a stock solution of 
ferritin was diluted with the same volume of acetate buffer, | a with respect 
both to sodium acetate and to acetic acid. In such a solution, addition 
of 15 mg. of NasS.O, brings about almost instantaneous reduction of fer- 
ritin, the color turning from brown to light greenish vellow. The sus- 
ceptibility changed immediately to 11,400 which is, within the limits of 
error, the same as the asymptotic end-value of the preceding experiment 
in alkaline solution, thus confirming the product to be ferrous ton con- 
taining 4 electrons with parallel spins. 


The data above suggest that the iron of ferritin is not affected chemically _ 


by change in acid ionization in its protein environment. The absorption 
spectrum was studied for further verification. Dilutions of ferritin T were 
studied with the Beckman photoelectric spectrophotometer in the range 
700 to 320 mu in buffers at 4,5, 6,and 1. The speetra of several sam- 
ples of these solutions were identical, but gave molar absorption coefficients 
(referred to iron) 12 per cent higher than those of Kuhn and coworkers 
(6) (29 per cent higher at 470 and 500 my). The molar absorption eo- 
efficient increased smoothly to 5.0 10° at 820 mu. The preparation at 
pHl 1 showed somewhat lower absorption coefficients, possibly ascribable 
to partial destruction of the protein with release of the less colored ferrie 
ion, as found in the magnetic study in LN acid. 

A solution at pH 5 in 0.6 mM potassium fluoride solution showed an ab- 
sorption curve identical with that of ferritin alone, indicating that no 
tendency whatever occurs to form a fluoride complex. Similarly no change 
in color occurs at pH 10 even with a large concentration of potassium 
evanide. These observations emphasize the chemical non-reactivity of 
ferritin iron. 

Ferric Hydroxide Prepared from Ferritin 

When, to a solution of ferritin, sodium hydroxide is added in sufficient 
amount, a precipitate of ferric hydroxide arises, leaving practically all of 
the protein in solution. At the same time most of the PO, is released from 
the ferritin. The precipitate can be washed with distilled water until 
practically free from electrolytes and suspended in very little water to 
form a thick suspension which settles very slowly. Any noticeable sedi- 
mentation during the magnetic measurements would be manifested by a 
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slow and continuous change of susceptibility, which did not occur. There- 
fore, the susceptibility of this suspension can be measured with fair ae- 
euracy. One may similarly measure, with more or less accuracy according 
to conditions, any kind of ferric hydroxide obtained as an amorphous 
precipitate. The results for the ferrie hydroxide prepared from ferritin 
by precipitation with sodium hydroxide are as follows: temperature 23°, 
vessel constant 3.13 107'", ke per ce. 3.56 mg., LO®ype 6090, were 3.77. 
It ean be seen that within the limits of error the ferric hydroxide has the 
same susceptibility, per gm. atom of iron, as ferritin. Consequently, the 
particular value of the susceptibility of ferritin is inherent in the iron atom 
itself and is not connected with the PO, or due to the particular bonding of 
the iron with the protein of ferritin. 


Colloidal Ferrie Hydroxide 


In spite of the extensive literature on the magnetic properties of oxides 
and hydroxides of iron, compiled by Gmelin (7), Mellor (8), and especially 
Baudisch and Welo (9), there are few magnetic measurements on colloidal 
and amorphous hydroxides that we can use to compare with ferritin values. 
This literature is mainly concerned with the problem of the conditions 
under which dehydration at high temperatures results in the formation of 
either a ferromagnetic or a non-ferromagnetic ferric oxide. In this paper 
no ferromagnetic compound will be considered, since it never arises under 
conditions interesting from our point of view. Our investigations were 
performed with colloidal solutions of ferrie hydroxide prepared by different 
methods, and to some extent with the precipitates derived from them by 
precipitation at room temperature. The naturally occurring crystalline 
ferric hydroxides will be briefly mentioned. 

Qur measurements, carried out with the micromethod, furnished the 
results shown in Table V. It can be seen that the suseeptibilities per gm. 
atom of iron vary within the wide limits from xp. &* 10° = about 14,000 
down to 2700 at room temperature, and the effective moment derived 
heretrom according to Curie’s law varies from 5.8 to 2.5. The value is 
constant for each sample of the colloidal solution over months. The 
amorphous ferric hydroxide derived from a colloidal solution by precipita- 
tion either with salt or with alkali showed no change of susceptibility 
within the limits of error inherent in the measurement of a thick suspension 
of precipitate. This, however, is no longer true when the amorphous pre- 
cipitate is subjected to energetic dehydration at high temperatures. Even 
refluxing the colloidal solution for 1 day at 100° lowers the susceptibility 
(Table V, seeond line). 

The value of susceptibility for each sample depends upon the mode of 
its preparation. The highest values are equal to or at least closely ap- 
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TABLE V 


Magnetic Measurements of Colloidal Ferric Hydroxide (Micromethod) 


mg. per cc 

23 S6S 13.960 
‘after refluxing 24 hrs 23 0 S66 5,270 3.56 
T 23 1.06 14.300 
1). 22 QSOS 13. S00 
MM. 24 13.300 5.62 
22 ae 12 SOO 
Ppt. of B 23 1.76 15, 6. 1T 
() 23 0.575 11.900 
23 660 1.78 
J 24 1.00 S250 1.45 
24 3.57 7.510 1. 20 
jal. 3.41 5.400 3.55 
partially absorbedt 22 2.6] WM) 4.40 
~ D4 OSS5 3. SSO O2 
albuminate 2.2 O00) 10 
globinate 22.5 O 616 1,120 
(‘ommercial colloidal solution 24 2 SSO) 2.6! 
Same, 10 & diluted 22 3 2,440 y 
\ 22 2 670 2.52 


* Analyzed for Cl, 0.010 mg. of Cl per ce 

t ‘This SUSpension isnot stable cnough to allow accurate measurements, but there 
Is obviously no decrease of yy In the precipitate as compared with the colloidal 
solution. 

t25 ec. of the colloidal solution, shaken with | em. of kaolin, centrifuged. (Un 


uccesstul attempt fractlonate the colloidal solution inte fraetions ot different 


8 


Mode of Pre paralion ‘|, aly solid terrie chloride wit approximately 
6 moles of H.O of ervstallization. All preparations were finally centrifuged if 
necessary and dialyzed against distilled water. Preparation A, 30 per cent FeCl, 
solution, added to 250 ce. of cold HQ), heated to GO°. thi Temperature bemyg raised 
slowly, 1° per minute, turbid, vellow; Preparation B. 300 ce. of HLO heated to boiling, 
then 6 ce. of 30 per cent FeCl, solution added dropwise, clear. red; Preparation ©, 
20 ec. of 80 per cent FeCl, solution added dropwise to 70 ee. of boiling water; Prepara 
tion of 15 per cent FeCl; solution added dropwise to 150 ee boiling water, 
red, clear; Preparation 5,2 yin. ol ‘Lo: + SO ee, of pvridine, sir bubbled for 
24 hours, dialyzed 3 days; Preparation Wy d gm. of ferric nitrate in 150 ee. 
of HQ), slowly heated to Sd clear, distinet Ty ndall etheet: Preparation 3 ot 
scales of ferric acetate im ce. of + Lee. of lM acetie acid slowly heated to 
85°, filtered, first clear and red, after dialysis more brown-red; Preparation My, 10 
ee. of ld per cent added dropwise to ce boning water: Preparations () 
and P, 5 ce. of 5 per cent FeCl, solution added dropwise to 150 ce. of boiling water; 
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TABLE V—Concluded 
Preparation 3,5 ce, of saturated ferric sulfate solution added dropwise to 150 ce. of 
boiling water; Preparation Z, similarly made as was Preparation M. 

The precipitate of Preparation Bis made from dilution of the colloidal solution, 
Preparation B, by adding 1.2 ce. of 0.01 mM NaOH, centrifugation, and suspending the 
precipitate in H,O to a total volume of 2 ce. 

Ferrie albuminate was made by adding dropwise a 25 per cent FeCl; solution to 
100 ce. of 2 per cent solution of dried egg albumin (commercial), centrifuging, and 
dialvzing 8 days; clear, brown colloidal solution. 

Ferric globinate was made by adding dropwise to a 2 per cent solution of horse 
globin (made from hemoglobin with acetone + HCl), FeCl; as in ferrie albuminate. 


proach that of an ionic ferric Compound; namely, corresponding to a mo- 
ment of nearly 5.9 Bohr magnetons. Such values are obtained when an 
aqueous solution of ferric chloride is added, dropwise, to a large amount of 
boiling water, cooled, and dialyzed. When a correspondingly diluted 
cold ferrie chloride solution is gradually heated to boiling (Table V, Prepa- 
ration A), the susceptibility. of the resulting colloidal solution is much 
lower (2700 instead of 15,000). Colloidal solutions made trom ferrie salts 
other than the chloride, even those made from ferric fluoride, showed much 
lower values also (around 4800). Colloidal solutions made at room tem- 
perature by adding small amounts of ammonia to a terrie chloride solution 
with subsequent dialysis all gave low values (around 4000). In general, 
the solutions of verv high susceptibility are clear and more red; those of 
low susceptibility are turbid and more vellow. Tlowever, this rule is not 
strict. The red solution of high susceptibility (Preparation Z, Table V), 
when refluxed for | day, remains red and rather clear, although showing 
a strong Pyndall effect; vet the susceptibility of this red solution is con- 
siderably lowered (from 14,000 to 53800). Some results may be mentioned 
preliminary to studies of paramagnetic crystalline minerals of ferric oxide 
or hvdroxide free from ferromagnetic linpurities. When investigated as a 
powder at room temperature all showed verv low susceptibilities, cor- 
responding to an effective moment of 2.4 to 2.7 B. ML! These ineluded 
two crystalline minerals of the composition (FeOQOH),, goethite and lepido- 
erocite, another of the composition (FeoOs)o-HeO, limonite, and even the 
anhydrous crvstalline mineral hematite, FeeO3;.2 As regards these erystal- 
line Compounds one must wait for a comparative study at verv low tem- 
peratures for a more exhaustive interpretation. “These minerals are men- 
tioned here in order to inelude them in the following discussion. 

These values are not in agreement with those reported earlier 

*Ttimav be mentioned that complete dehwdration of goethite at high temperatures 
is known 10) to result in formation of non-ferromagnetie and that of lepi- 
docrocite in formation of ferromagnetic Fe.O,. [tis in agreement herewith that all 
our samples of goethite were strietly paramagnetic, whereas those of lepidoerocite 
manifested a slight contamination with a ferromagnetic substance, 
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DISCUSSION 


Interpretation of Susceptibility in Terms of Magnetic Dipole Moment and 
of Number of Unpaired Electrons—Ferric ion contains 23 electrons. In 
the ground state 13 of them are in the VW shell. Of these 13 there are one 
pair of s, three pairs of p, and 5 unpaired d electrons. Only the latter 
5 can contribute to the paramagnetism, and only through their spins, 
since the vectorial sum of the orbital moments of 5 unpaired d clectrons is 
zero. ‘The magnetic moment due to the spins of nm unpaired clectrons is, 
according to theory, V/ n(n 4+- 2) Bohr magnetons; so the moment of ferric 
ion, per gm. ion, should be 5.91 B. M. A value equal or at least very 
close to it is found in numerous ferric compounds such as ferric chloride in 
sufficiently acidified solution, in very many terric complex compounds, 
and even in some preparations of colloidal ferric hydroxide (Vable V). 
This value of the moment is arrived at from the measurement of suscepti- 
bility at room temperature, assuming the simple Curte law which correlates 
susceptibility, x, and moment, yw, according to Equation |. The more 
general Curie-Weiss law (equation 2) merges into the above more simple 
form if the constant 0 is small in comparison with 7. ‘This condition is 
fulfilled when the Fe-——Fe distances are large enough to prevent any ap- 
preciably magnetic interaction (11,12). The ferric ion with 5 unpaired or 
“odd” electrons is one extreme and is encountered in those iron compounds 
in which only ionic (or ion-dipole ) bonds connect the Fe with the 
complex-forming atoms or atom groups (11). 

The other extreme is that with Fe having only | unpaired electron. This 
type has been observed in numerous complexes such as ferricyanide ion, in 
Which according to Pauling’s theory the tron is connected to the six CN 
groups by covalent, instead of tonic, bonds. Six hvbrid d°sp* bonds are 
formed, leaving onlv 1 unpaired electron. The moment expected trom its 
spin should be 1.73 B. M. (see ‘Table VI); however, the actual moment ts 
somewhat greater, 2.3 B. \L., owing to the orbital contribution. Although 
this orbital contribution is greatly quenched by the molecular electric 
field, it is not entirely quenched. 

A third kind of ferric atom is that containing 38 unpaired electrons. It 
Was suggested first by Corvell, Stitt, and Pauling (3) for ferrihemoglobin 
hydroxide, and is intermediate between the two mentioned extremes. — Llere 
only four covalent bonds of the tvpe dsp* are formed, leaving 3 unpaired 
electrons. This results in producing a moment from spin alone equal to 
3.87 B. M., which also may be somewhat increased by orbital contributions. 
Although the magnitude of the orbital contributions cannot be predicted, 
it is relatively small. A glance at Table VI shows that tor che three cases 
the moments from spin contribution alone are so widely different trom each 
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other that no doubt can arise in the interpretation of a susceptibility in 
terms of Bohr magnetons and consequently in terms of the number of un- 
paired electrons. 

One disturbing factor remains for consideration. When the Fe—Fe 
distances are very small, their mutual interaction may render the above 
interpretation doubtful, because in this case each Fe atom is then under 
the influence not only of the externally applied magnetic field but also 
of an internal field to which it is exposed. In such a case, provided we 
are dealing with a paramagnetic and not a ferromagnetic substance, the 
moment, as calculated in the usual way from the susceptibility, appears to 
be smaller than it would for the isolated Fe atom. However, no para- 


Taste VI 
Tron, in Ferric State, in Non-Ferromagnetic Compound Showing Following Magnetic 
Pro pe rties According lo Number of I npaired d Electrons 


Calculated from spin 
contribution alone ouservea Effective 
' susceptibility moment 
No. of No. and ; in known derived here- 
unpaired d boas ter of bonds Sus epti compounds due from according 
electrons — Moment bility per to = + to Equation 1, 
(Bohr magnetons’, gm. atom orbital 
at 22°, contribution, eff. 
104y 
6 covalent dsp? /1(1+2) = 1.73 1.260 About 2.200 About 2.3 
boris 
covalent dsp? /3(34+2) = 3.87 6. 300) 


bonds (amd 2 

hone bonds 

Very close Very close 
to 14,700 to 5.91 


cond \ oo re 


magnetic iron compound has been found in which one would be compelled 
toassume an be—bke interaction of such a magnitude as to make impossible 
the classification of the compound as belonging to one of the three states of 
Table VIO The only cease’ in which a rather strong Fe—Fe interaction 
seomed to occur was in-oa binuclear iron complex discussed by Gaines, 
Hammett, and Walden (14). The writers were unable to confirm this 
result but found a susceptibility for this compound verv close to that of 


ternevanide liom (14), 


Consequently it is most unlikely that the assumption of Fe—Fe inter- 
action of variable magnitude can explain the wide range of susceptibility 
Values of the colloidal terrie hydroxide, some as high as 14,000, others as 
low as 2600.) A much more plausible hypothesis is that the highest values 


The exceptional case of the dintiagnetie compound Is discussed else- 


where (13 
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are those characteristic of an ionic ferric compound, the lowest those 
characteristic of a covalent ferric complex such as ferricyanide ion, and 
that in general the iron atoms in an amorphous ferric hydroxide are not 
equivalent, but in different magnetic states; so that the measured suscep- 
tibility is just an average value, to which each of the three magnetic states 
of ferric ion of Table VI contributes its share. We shall now consider on 
what conditions the state of each single iron atom will depend. 

Structure of Amorphous or Colloidal Ferrie Hydroxide —Since the co- 
ordination number of iron is practically invariably six, ferric ion, as existing 
in a sufficiently acidified solution of FeCls, may be considered as an octa- 
hedral complex Fe™'(H,O),;***, the water molecules being held by ion- 
dipole bonds. As regards the discussion of magnetic properties, it is 
irrelevant whether to some extent HLO is replaced by Cl> ions (Rabino- 
witch and Stockmaver (15)). The water in this complex is more acidic 
than free water, because the positive charge of the iron facilitates the 
dissociation of protons, and so, according to pil, | or more protons may 
be detached. However, as the total positive charge of these molecular 
species decreases, the tendency toward aggregation is enormously en- 
hanced.* Micelles are formed in such a wav that an OH of molecule 
and an OH or OHe. of another molecule split out PLO, producing an oxvgen 
bridge between 2 iron atoms. Pwo octahedra share a corner represented 
by this oxygen atom. More than one corner ot an octahedron can be 
shared with a number of adjacent octahedra. The TL atom: ot anv re- 
maining May form a hydrogen bond with an stom ot another 
octahedron. In taet, this is principle the structure of the naturally 
occurring crystalline minerals of composition PeOOT): namely, goethite 
and lepidocrocite (lewing (17) and Goldsztanb (100). According to Ewing 
there are in goethite double lavers of octahedra, cach one sharing three 
corners with three adjacent oetahedra. bach such double liver is sepa- 
rated from the next by a single laver of Hl atoms. In lepidocrocite the 
structure is similar, the difference bemeg that the octahedra share alternately 
two amd four corners with adjacent octahedra. The difference between 
these more or less distinethy crystalline minerals and the less distinetly 
ervstalline and amorphous kinds of terric hydroxide of approximate com- 
position FeQOH may be that the structure of the latter is not regular over 
any appreciable extent of space, but in part approaches that ot goethite, 
in part that of lepidocrocite. The replacement of some OF by Clo or 


The coneentratton of the Specles highly disp rsed colloidal ferrie 
hydroxide solution is estimated by Lamb and Jaeques (16) to be 2 * LO % vt. and ts 
even lower in aged colloidal solutions. This figure may be taker as an indication for 
the instability of undehvdrated Fe(OH), rather than for its solubility in the thermo- 


dynamical sense, 
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other anions, unable to form bonds comparable to hydrogen bonds, may be 
responsible for the lack of a perfect crystalline state. 

In order to account for the variability of the magnetic state, the following 
principles will be suggested. (1) HyO or OH is bound to Fe always by 
an ionie (or ion-dipole) bond. (2) © > may be bound to Fe sometimes by 
an ionic, sometimes by a covalent bond, according to the particular strue- 
ture. Theory cannot predict as vet, in general, when a bond will be ionic 
or covalent, but it can foresee a certain structural condition which makes a 
eovalent bond impossible and leaves only the possibility of an 1omie bond. 
If an oxvgen atom lies at a shared corner of two or more octahedra, the 
angle between the bonds ke—O—Fe must have a rather well defined mag- 
nitude in order that stable covalent bonds mav be formed. If, for instance, 
two octahedra are united only by the sharing of one © , the bonds cannot 
be covalent, because their angle is ISO° or at least not far from it. For 
example, in-oa linear string of octahedra with shared corners the bonds 
must be iomie. Tf two covalent bonds originate from an oxvgen atom, the 
valence angle must be 90° or be at least not too far from it. This is pos- 
sible when 20> atoms Iving at the two corners of an edge are shared by two 
adjacent octahedra. So, sharing of an edge may be considered as neces- 
sary tor covalent bond formation. The variability of the structure of 
amorphous ferric hydroxide, especially with respect to the sharing of 
corners only or ot edges, mav explain the variability of the magnetic sus- 
ceptibilitv. [Tt is not vet possible to correlate the prevalence of the one 
or the other pattern of the structure with the mode of preparation of the 
hydroxides. 

It is all the more remarkable then, that the susceptibility of the tron of 
ferritin, either in ferritin itself or in the ferric hydroxide precipitated from 
it, is alwavs, within the limits of error, of one definite magnitude, cor- 
responding to a moment of 3.8 B. AL. ‘This is almost precisely the value 
postulated for four covalent dsp? bonds (Vable VI). The configuration 
around the atom may be alwavs an octahedron, but only four of the six 
bonds, located in one plane at the corners of the square, are essentially 
covalent. The only objection against this interpretation is that the agree- 
ment between theory and experiment is almost too good. One would have 
expected that the orbital contributions of the 3 unpaired eleetrons would 
not be completely quenched and would result in slightly higher value of 
susceptibility and moment. However, here slight unealeulable secondary 
Influences, such as a slight Fe—Fe interaction, may cancel the effect of 
orbital contributions. The most probable conclusion is that the iron of 
ferritin is alwavs in a particular one of the three possible states, namely 
the one with four covalent bonds, whereas, in general, in colloidal iron 
compounds it varies within wide limits. 


| 


Sse 
| 
ot | 
p- 
CS 
()- 
4 
4 
iv 4 
Is 
i 
ic 
| 
i 
4 
f ; 
| 
| 
| 
4 
4 
A 


4 


478 | FERRITIN. III 


Other Ferric Compounds of Biological Interest, Belonging to Same Type 
As Ferritin— Among the cases known so far in which an iron complex of 
biological significance magnetically resembles ferritin, ferric hemoglobin 
(alkaline methemoglobin) must be mentioned, for which Corvell, Stitt, 
and Pauling (3) found a susceptibility of LO®y = 8340, corresponding to 
an effective moment of 4.47 B. M., which is near that for spin contribution 
of 3 unpaired electrons (3.87). This was the first case which suggested 
to these authors that in an octahedral complex there are only four dsp? 
bonds instead of either six covalent d?sp*® bonds, or six iomie bonds. — [t is 
noteworthy that only the hydroxide but not the chloride of methemoglobin 
shows this value. It is possible also that the ferric form of evtochrome ¢ 
is capable, under certain conditions, of existing in a similar magnetic state, 
since Theorell (18) found susceptibilities, on varving pil, changing from 
those characteristic for 5 unpaired electrons down to those characteristic 
for 1 unpaired electron. Since, however, with varying pH the suscepti- 
bility of cytochrome continuously varied from 13,000 to 2500) approxi- 
mately, the assumption of intermediate state is not so cogent, because all 
intermediate values might have been brought about by mixtures of the 
two extreme states alone. For catalase it had been suggested by the 
authors (19) that this substance might belong to the group of iron com- 
pounds with 3 odd electrons. Additional experiments to be published 
later make this doubtful, although it remains certain that it does not 
belong to the group with | odd electron. 


SUMMARY 


The iron atom in a ferric Compound may be in one of three possible 
magnetic states, containing either 1, 3, or 5 odd electrons, characterized 
by values of magnetic susceptibility and magnetic dipole moment which 
are shown in Table VI.) In iron complexes in general there are six coordina- 
tion bonds or valences and the complex may be considered as an octahedron, 
If all six bonds are tonic, there are 5 unpaired electrons; if all six bonds are 
covalent, there is 1 unpaired electron. The rarely occurring state, in 
which only four of the bonds are covalent, has 3 unpaired electrons. The 
magnetic susceptibility of a ferric complex has three very different values 
according to which of those three types it represents. 

The main contribution of the susceptibility is due to the cleetron spin, 
and for the 5 odd electron state the spin is the sole contributing factor. 
For the other states, a slight contribution may also be furnished by the 
orbital motion of the electrons which raises the susceptibility to a certain 
extent over the value theoretically expected from spin alone. This in- 
crease is, however, relatively small and does not prevent the recognition 


of the class to which any individual ferrie compound belongs. 
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It is not possible as yet to predict which atoms or atomic groups are 
bound to the iron by ionic, and which by covalent bonds. However, cer- 
tain considerations regarding the valence angles permit us to state under 
what condition a bond cannot be a covalent one. 

The iron of ferritin is most likely present in the form of micelles of ferric 
hydroxide interspersed in the apoferritin crystal lattice in the spaces be- 
tween the protein molecules. A comparative study of a great number of 
preparations of colloidal ferric hydroxide and of ferritin reveals the follow- 
ing facts. | 

The iron atoms of colloidal ferric hydroxide in any one preparation are, 
in general, not equivalent but in different magnetic states. The two ex- 
tremes of all the cases occurring are represented by those with almost all 
iron atoms in the 5 odd electron state and, on the other hand, by those 
having most of the iron atoms in the | odd electron state, depending on 
the manner in which the compound is prepared. The tron of ferritin, 
however, is always in the one of the three possible states corresponding to 
the rarely occurring 3 odd electron state. This property is not due to 
the particular binding of the iron in ferritin but is even inherent in the 
amorphous terric hydroxide prepared trom territin by precipitation with 
alkali. The susceptibility observed is exactly that for the 3 odd electron 
state with spin contributions alone. 

The interpretation for the variability in those colloidal preparations is 
that ferric hvdroxide does not exist in the form of individual molecules of 
Fe(OH), or, better, Fe(OH)3(H.O)3, but rather that a partial dehydration 
takes place, establishing oxygen bridges from one Fe atom to another, thus 
producing neighboring octahedral complexes with shared corners and 
edges. The oxvgen of such a bridge may be sometimes bound by covalent, 
sometimes by ionic bonds, according to the valence angles established. 
In contrast to the great magnetic variability of colloidal ferric hydroxide 
in general is the constancy of that in ferritin or preparations derived from it. 

The effects of temperature and of Fe—Fe interaction are discussed and 
are shown not to invalidate the above considerations. 

Reduction of ferritin by NaeSeO, results in a ferrous compound of the 
sume magnetic state as in FeSO, No fluorine or cyanide complex of 
ferritin could be detected either by magnetic or by optical methods. 
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CYTOCHROME OXIDASE 


By ERWIN HAAS 


(From the George Herbert Jones Chemical Laboratory of the University of Chicago, 
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Battelli and Stern in extracted indophenol oxidase from animal 
tissue, an enzyme complex which catalyzes the oxidation of p-phenvlenedi- 
amine and of succime acid by molecular oxvgen.  Ineilin and Hartree (2) 
and Stotz, Sidwell, and Hlogness (3) were able to show that these reactions 
are mediated by cytochrome ¢. In accordance with their suggestion, the 
term cytochrome oxidase is used now to designate the complex of enzymes 
which brings about the reaction between cytochrome c and molecular 
oxygen. Using the method of carbon monoxide inhibition and reversal 
of this inhibition by light, Melnick (4) has recently demonstrated 
Warburg’s oxvgen-transterring enzyme (5) to be an integral part of this 
complex. In addition to Warburg’s oxvgen-transferring enzyme, cvto- 
chrome a (6) and another iron compound (7) may participate in the en- 
zavmatic oxidation of evtochrome The oxidase preparations of Ieilin 
and Hartree (2) and others consist of insoluble particles and, therefore, 
attempts to fractionate and purify the oxidase have as vet been unsuccess- 
ful. In this paper a method of extraction will be deseribed whereby 
evtochrome oxidase can be obtained in better vield and with higher ac- 
tivity per unit of dry weight than that previously reported. Furthermore, 
by exposing the enzyme suspension to ultrasonie radiation and subsequent 
high speed centrifugation, a clear solution contaiming Warburg’s oxyvgen- 
transterring enzyme is obtained. 

Mnzyme Test For the determination of oxidase activity a method similar 
to that of IWweilin and Hartree (2) and Stotz, Sidwell, and Hogness (3) 1s 
used with sight modifications. Cytochrome cis reduced by hydroquinone 
and subsequently reoxidized by molecular oxvgen in the presence of the 
oxidase complex. The rate of oxvgen consumption is measured in the 
usual way in Warburg manometers. Inactivation of the enzyme to the 
extent of 25 per cent in 5 minutes takes place under the experimental 
conditions of previous test methods. Furthermore, considerable autoxida- 
tion of the substrate had to be taken into account. The test, as carried 
out here, offers certain advantages because the rate of the reaction remains 
constant for the duration of the experiment and because the reaction will 
not proceed when any one of the components of the test svstem is omitted. 
The results of typical experiments are given in Figs. 1 and 2. 


481 


| 
4 
| 
iv; 34 
@ 
A 
; 
2% 

a 

{ 
| 

4, 


482 CYTOCHROME OXIDASE 


Extraction of Cytochrome Oxidase—Pig heart is used as a source of the 
oxidase and passed through a meat grinder after having been freed of fat 
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— MINUTES 
Fic. 1. Oxygen consumption as a function of time. 2.5 ec. of 0.05 mM phosphate 
buffer, pH 7.1, + 1.0 mg. of cytochrome e + 3.0 mg. of hydroquinone. Curve 1, 
without oxidase; Curve 2, 0.03 ce. of oxidase; Curve 3, 0.06 ec. of oxidase; Curve 4, 
0.12 ec. of oxidase. Temperature, 25°; gas phase, air. 
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Fic. 2. Velocity of oxygen consumption as a function of enzyme concentration. 
Curve 1, without eytochrome; Curve 2, with 1.0 mg. of evtochrome. “Temperature, 
25°; gas phase, air. 


and other non-muscular tissue (Preparation A). 300 gm. of tissue to- 
gether with 120 gm. of sand and 22 ec. of toluene are ground for 12 hours 
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at room temperature in a mechanical porcelain mortar. Microscopic ex- 
amination at this stage reveals pieces of broken cells with none of the myo- 
eardial fibers remaining intact. The tissue pulp is collected and kept in 
this form for 10 hours at 0°. Extraction of the oxidase from the autolyzed 
tissue is accomplished by adding 900 ec. of 0.05 M ammonium-ammonium 
chloride buffer of pH 10.4, followed by mechanical grinding in the mortar 
for 1 hour at room temperature. The suspension is centrifuged for 1 
hour with a gravitational force of about 3000 times gravity, resulting in 
700 ec. of a red, opalescent supernatant which contains the oxidase. The 
enzymatic activity of this first extract, determined as described above, 1s 
shown in [:xperiment I of Table I. After cooling to 0° the enzyme is 


TABLE I 
Enzymatic Activity after Extraction, Precipitation, and High Speed Centrifugation 


T, 25°; gas phase, air. 


Experiment II, 0.05 cc. 
enzyme = 1.6 mg. 
(after acid pptn., wash- 
ing, and resuspension) 


Experiment I, 0.10 
cc. enzyme (Ist 
extract) 


Experiment IIT, 1.0 cc. enzyme (after 
centrifugation for 90 min., 10,000 g) 


Oxygen uptake 


min. cmm. c.mm. c.mm. 
15 S| S] 39 
Yield, 100% Enzyme in solution, 48% 
Sl x 4 
At 25° Qo. = 203 (e.mm. per mg. per hr.) 


The oxygen consumption at 39° was 4 times as great as that at 25°, only the initial 
slope being taken into account. 


precipitated at pH 5.6 by slowly adding 14 ec. of 2 M acetate buffer of 
pH 4.5. The enzyme is separated by centrifugation at 0° and the clear, 
red supernatant is discarded. The precipitate is washed with 1.2 liters of 
cold water, centrifuged off, and finally suspended in 350 ce. of 0.05 mM 
ammonium-ammonium chloride buffer of pH 9.5. The suspension thus 
obtained contains 32 mg. of protein per ec.; a determination of the en- 
zvmatic activity is given by Experiment I] in Table I. In order to deter- 
mine the amount of enzyme which has actually gone into solution, high 
speed centrifugation was carried out on the 20-fold diluted suspension 
(Experiment 

The result of Experiment II indicates that the oxidase can be precipi- 
tated and washed under these conditions without loss of activity. When 


the results of Experiments I] and III are compared, it becomes apparent 
that after mechanical disintegration of the tissue and subsequent autolysis 
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a considerable fraction of the oxidase is now soluble. As another con- 
sequence of the radical disruption of the cellular structure, 15 times as much 
enzyme can be extracted here as could be obtained by following NKeilin’s 
procedure. In addition, the removal of inert tissue by autolysis leads to 
an oxidase preparation which is 6 times as active per unit of drv weight 
as previous preparations. 

The oxidase is fairly stable in alkaline solution but loses its activity 
rather rapidly in slightly acid or neutral solutions, as demonstrated. in 
Table IT. 

Remarks Pertaining to Tsolation Procedure Despite its sensitivity to- 
ward acid media the oxidase can be separated without any inactivation in 
the procedure outlined above, presumably owing to protection of the 
enzyme by inert proteins and products of autolysis present in solution, 
However, an additional precipitation without this precaution causes the 
loss of 50 per cent of the enzvmatie activity. Thigh speed centmfugation 


TaBLe 


Inactivation of Cytochrome Oxidase at Different Hudrogen Ton Concentrations 


pH Time of incubation at 0” Inactivation 
davs per cent 

4 23> 

7.0 2 

9 133 


of the solution reveals that the amount ot dissolved oxidase remains un- 
changed betore and after acid precipitation. ‘This fact indicates that no 
irreversible aggregation has taken place. Vhe amount of oxidase brought 
into solution depends on the conditions of autolysis and extraction; further- 
more, it is subject to variations in the starting material. For example, 
Preparation By was treated essentially as before, except that water was 
added to facilitate the grinding of tissue followed by autolysis at room 
temperature. The total vield of enzyme was lower than before, but the 
activity per unit of drv weight was high and after 65 minutes of centrifuga- 
tion in a gravitational field corresponding to 12,000 * g a clear solution 
was obtained whieh contained 65 per cent of the original activity. In 
another preparation (C) heart muscle was cut into small pieces and kept for 
1 day at 0° before it was subjected to the usual procedure of grinding and 
extracting. This may have impaired somewhat the efficieney of the ensu- 


ing autolysis, as vield and purity were found to be lower than usual, and as 
only 23 per cent of the initial activity remained in the water-clear super- 
natant after high speed centrifugation, 
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Thorough mechanical destruction of the tissue is essential in order to 
obtain an enzyme preparation of high activity which at the same time con- 
tains most of the oxidase in soluble form. ‘To demonstrate this point we 
have extracted the oxidase in the usual way after grinding the tissue for 
varying periods of time in the mechanical mortar. The enzymatic ac- 
tivitv of the suspension (first extract) and of the solutions which were 
obtained after 45 minutes of high speed centrifugation was determined as 
previously described. The results are given in Table ITT. 

Ultrasonic Treatment— After it had been observed that upon prolonged 
grinding of heart muscle with simultaneous autolysis a fraction of the 
enzymatic activity could be obtained in solution, it appeared desirable 
to adopt a supplementary method by which a more extensive disintegration 
could be achieved. Such additional treatment could be expected to bring 
a larger fraction of the oxidase into solution. Ultrasound waves of high 


Tasie III 
Effect of Mechanical Disintegration on Yield and Solubility 6f Cytochrome Oxidase 


0.15 ce. oxidase solution 
(after high speed centri 
fugation) Fraction of oxidase 
in solution 


0.15 cc. oxidase suspension 
lime of grinding 


Oxygen uptake in 15 min 


hrs. comm. c.mm. per cenit 


26 
12 102 


intensity have previously been used successfully in breaking up larger 
molecules into smaller components. Starch has been depolymerized to 
dextrin (8), hemocyanin molecules were irreversibly split into fragments 
of one-half and one-eighth of their orginal weight (9), and polystyrene 
with a molecular weight of 850,000 has been decomposed into particles 
of one-thirtieth of its original size (10). 

The studies of Chambers and coworkers (11) merit particular mention 
among investigations dealing with sonic treatment of proteins and en- 
zvmes. French (12) produced complete lysis of photosynthetic bacteria by 
applying supersonic vibrations. Although photosvnthetic activity Is not 
preserved atter such treatment, the liberation of a water-soluble protein- 
chlorophyvll-carotinoid compound with unaltered optical properties should 
be of importance in future studies on photosynthesis. 

Only negative results have been obtained in previous attempts to employ 
sonic methods in the preparation of enzymes. Peroxidase in milk, catalase 
In blood (13), and polyphenol oxidase in fruit extracts (14) are rapidly 
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inactivated. When sonic radiation was used for extraction of /(+)- 
alanine oxidase (15), only a very small yield was obtained, probably also 
due to inactivation of the enzyme; It seems, therefore, that this method 
has been limited until now to substances more stable than enzymes. The 
effects-of ultrasound on the protein are accompanied by secondary effects 
due to the transformation of sound energy into heat by the solvent. In 
the construction of the ultrasonic oscillator, provisions were made to 
control such secondary effects. As a result, this method proved to be a 
useful tool in splitting and dissolving the native cytochrome oxidase, 
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O vy NG ¥ 
Fic. 3. Equipment for ultrasonic irradiation of the enzyme. A = air chamber, 
B = cellophane membrane 0.08 mm. in thickness, C = quartz crystal 41 mm, in 


diameter, D = porcelain insulator, & = enzyme solution, F = tin-foil, G = cello- 
phane membrane 0.04 mm. in thickness, Th = thermometer. 


Ultrasound waves were produced by a piezoelectric quartz oscillator (16); 
a diagrammatic sketch of the apparatus is given in Fig. 3. 
The quartz plate serving as the oscillator had been cut to correspond to 
resonant frequency of 360,000 eycles per second (A. T. cut) (17). By 
mounting the quartz plate on a cellophane membrane an air cushion is 
created which decreases damping of the vibrating crystal and which, in 
addition, will reflect all of the sound energy in the desired direction (18). 
The connection of the crystal with the electrical circuit consists of a sheet 
of tin-foil on the bottom and of a brass ring with bronze springs on top of 
the quartz plate. The power forthe excitation of the piezoelectric crystal 
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is supplied by a high frequency generator which essentially comprises a 
transformer, a high voltage rectifier, and a Hartley oscillator.! With 
a high frequency peak voltage of 5800 volts the high frequency current 
passing through the oscillating crystal amounts to 0.34 ampere and about 
45 watts of ultrasonic energy are emitted. The sound waves are propa- 
gated in a vertical direction into the reaction vessel. The enzyme solution 
is exposed to ultrasound in a glass tube which is closed at the bottom by a 
cellophane membrane which is impervious to water. Reaction vessel and 
oscillator are immersed in an oil bath which can be cooled efficiently by a 
refrigerator unit circulating alcohol at —20° through the copper coil, as 
indicated. The entire unit is mounted inside a closed container to prevent 
eondensation of moisture on the cooling coil. The temperature in the 
reaction vessel is measured with an alcohol thermometer; a mercury ther- 
mometer cannot be used because of the formation of a luminous are inside 
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Effect of Ultrasonic Radiation at Different Hydrogen Ion Concentration 


Fraction of oxidase dissolved a 
pH Inactivation by 


Before irradiation After irradiation 


per cent per cent 


per cent 


6.5 12 38 32 
7.0 15 | 41 30 
8.2 48 77 28 
9.5 47 80 


the capillary due to the influence of ultrasound. After a concentrated 
suspension of the enzyme has been exposed to ultrasonic radiation, it is 
diluted and centrifuged for 100 minutes at O° with a gravitational force 
corresponding to about 10,000 times gravity. The amount of dissolved 
oxidase is determined by measuring the enzymatic activity in the resulting 
supernatant solution. A number of experiments were performed under 
various conditions in order to establish optimum conditions for the appli- 
cation of ultrasound. ‘The influence of the hydrogen ion concentration on 
the solubility of the oxidase was measured before and after exposure to 
ultrasound at 21°. The results are summarized in Table [V where it is 
demonstrated that throughout the pH region investigated a considerable 
fraction of the oxidase can be brought into solution as a result of ultrasonic 
treatment. This fact is brought out even more strikingly in an experiment 
to be described in detail later. 


1 The author is indebted to Dr. Gerhart K. Groetzinger for valuable advice in 
designing the electrical equipment and to Mr. Romuald Ficnerski for cutting the 
piezoelectric crystal. 
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Ultrasound waves apparently exert their dissolving effect by splitting 
of larger particles into smaller units; that is, fragments too small to undergo 
sedimentation under these conditions. Disintegration of the particles 
by ultrasound could be achieved only by simultaneously applving elevated 
temperature. The effect of sound waves as a function of temperature is 
demonstrated by the data presented in ‘Table V. 

The results of Table V indieate that at low temperatures the action of 
ultrasound is negligible, whereas the same energy when applied at a slightly 
elevated temperature is sufficient to split the enzyme complex. The ob- 
served inactivation at higher temperature is again a funetion of the joint 


TABLE V 
Effect of Ultrasonic Radiation at Different Temperatures (pil 7.70) 


Treatment tor 1 hr. Temperature 
Celsius per cent per cent 
Without radiation. . () 45 
Radiation... 15 5S 17 
21 wi 28 
Without radiation 32 40) 7 4 


TaBLe VI 
Effect of Ultrasonic Radiation in Atmosphere of Oxygen or Nitrogen 


Fraction of oxidase 


Treatment Gas phase 

per cent 
Without radiation. 23 
l hr. radiation at 32 Nitrogen | 2 


action of ultrasound and temperature.  Ineubation at higher temperature 
without simultaneous irradiation neither dissolves nor inactivates the 
oxidase. The influence of an atmosphere of nitrogen or oxvgen, during 
sonic radiation, was investigated by exposing an enzyme solution to ultra- 
sound for | hour at 32° and pH 8.1.) ‘To demonstrate more clearly the 
dissolving action of ultrasound, enzyme Preparation C which originally 
contained only a small fraction of oxidase in solution was used here. The 
results appear in Table VI. | 

Tank nitrogen was used throughout this experiment and no attempt was 
made to remove possible traces of oxvgen, but, in any case, ultrasound 
seems to be slightly more effective in the presence of oxvgen, 
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Experiments with High Speed Centrifuge—The amount of oxidase dis- 
solved under different conditions of autolysis or ultrasonic radiation 1s 
determined by measuring the enzymatic activity which remains in the 
clear supernatant fluid obtained after high speed centrifugation at 0°. 
The motor-driven centrifuge is of the Beams type in which celluloid test- 
tubes are mounted in the rotor at an angle of 20° with the axis of rotation. 
The experiment, summarized in Table VII, was designed to test the in- 
fluence of viscosity on the rate of sedimentation. The enzyme solution 
had been irradiated with ultrasound and was then diluted so that different 
concentrations of protein were present in the solution containing 0.01 Mm 
ammonium butfer of pit 8.2. 


Taste VII 
Sedimentation at Various Protein Concentrations after Centrifugation for 90 Minutes 
at 10,000 g 


Protein concentration Activity in supernatant solution 
me. per ce per cent 
4.0 
— 


Taste VIII 


Sedimentation at Various Velocities and Lengths of Time; Protein, 9 Mq. per Ce. 


Activity in supernatant 


(Centrifugation solution 


per cent 
min., 9,500 g. 66 


The density of the solution evidently is not a limiting factor in the 
sedimentation of the oxidase. This conelusion is supported by another 
experiment in which the protein concentration is kept constant while time 
and velocity of centrifugation are varied (Table VITD). Enzyme Prepara- 
tion B was centrifuged in 0.06 M buffer at pH 7.1 without previous exposure 
to ultrasound. 

In order to indicate the conditions finally adopted for ultrasonic radia- 
tion, for high speed centrifugation, and for determination of the enzymatic 
activity, a detailed description of an experiment is given. The enzyme 
solution (Preparation C) contains 24 mg. of protein per ce. of 0.05 M am- 
monium-ammonium chloride buffer of pH 8.1. 10 ce. of this solution are 
exposed to ultrasonic radiation ef about 9 watts per sq. em. for | hour at 
32° in an atmosphere of oxygen. Aliquot portions of the solution before 
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and after irradiation are diluted to contain 1.5 mg. of protein per cc. of 
0.003 m buffer. After 2 hours of centrifugation at 0° with a gravitational 
force of about 10,000 g, a water-clear, slightly vellow solution is obtained 
which exhibits a fairly pronounced Tyndall effect. The amount of active 
enzyme in the supernatant solution and in the original suspensions before 
and after ultrasonic radiation is determined as indicated in Table LX. 
The results of Experiments I and IIT indicate that originally 23 per cent 
of the oxidase was in solution. When Experiments I and IV are com- 
pared, it becomes apparent that after ultrasonic irradiation 72 per cent 


TaBLe IX 
Determination of Enzyme Activity 
kxperiment I, enzyme suspension untreated; Experiment I], enzyme suspension 
irradiated with ultrasound; Experiment II], supernatant solution obtained after 
centrifugation of the untreated enzyme; Experiment IV, supernatant solution ob- 
tained after centrifugation of the irradiated enzyme. T', 25°; gas phase, air. 


1.60 ec. enzyme 

0.65 water 

0.25 “ 0.5m phosphate, pH 7.1 > , , 
1.0 mg. cytochrome c 

3.0 “ hydroquinone 


Oxygen uptake 


min comm comm comm comm 
Jt 27 5 
10 52 | 11.5 36.5 
15 vi | 7s 17.5 55 
Activity after irradiation, %.. 1) 


high speed centrifugation, ©% 23 


of the oxidase has become soluble. From Experiments I and IT it can be 
concluded that ultrasonic treatment is feasible here without inactivation, 
whereas in previous experiments with purer enzyme preparations consider- 
able inactivation took place. It is not an uncommon observation in 
enzyme chemistry that in the early stages of purification an enzyme may 
withstand a much more severe treatment than in its purified form. 

The dissolving action of ultrasound can be estimated by visual examina- 
tion of the oxidase solution, preferably after centrifugation. A photo- 
graph of two centrifuge tubes taken after 2 hours of spinning in a field cor- 
responding to 10,000 g demonstrates this point (Fig. 4). 

While the amount of precipitate is considerably reduced by irradiation, 
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Pie. t. Pube Tt, enzyme untreated, enzymatic activity of supernatant = 23 per 
eent; Tube 2. enzyme exposed to ultrasound, enzymatic activity of supernatant = 


per cent. 
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4 
DARK LIGHT 


— = MINUTES 
big. 5. Inhibition by earbon monoxide and the action of light (oxygen con 
sumption catalyzed by the soluble oxidase). Curve 1, oxygen uptake in O.; Curve 
2. oXVgen uptake in 5 per cent O. + 95 per cent CO. Light source, 500 watt projec- 
tion lamp (light beam passed through a heat-absorbing filter); temperature, 20°. 
ISQece. of oxidase solution (as in Experiment IV, Table IN); 0.45 ec. of water; 0.25 
ec of phosphate, pH 7.1; 1.0 mg. of evtochrome ¢; 3.0 mg. of hydroquinone. 


the enzymatic activity of the clear supernatant increases 3 times.  Here- 
tolore, evtochrome oxidase preparations were thought to consist of very 
finely divided suspensions of muscle tissue (2) which could be precipitated 
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by comparatively weak gravitational fields. The oxidase as prepared here 
ean be obtained as a clear solution and does not sediment atter 2 hours of 
centrifugation field corresponding to The Tyndall effect 
of the enzyme solution scems to indicate the presence of large molecules, 
but a comparison of Stern’s ultracentriftugal data (19) with results pre- 
sented in Fig. 4 suggests that in our case the particles have undergone a 
considerable diminution in size owing to autolysis and ultrasonic treatment, 

Warburg’s Oxygen-Transferring Enzyme classical method 
(20) of determining the oxvgen-transterring enzyme on living cells has 
heen applied here to demonstrate its presence in the clear oxidase solution 
obtained after ultrasonic radiation and high speed centrifugation. In the 
following experiment it is shown that the oxvgen constimption can be 
inhibited by earbon monoxide and that the inhibition ts completely re- 
leased by visible light (Fig. 5). 

The result of this experiment proves that the enzyme in solution responds 
to carbon monoxide and light in the same wav as it does when attached 
to the structure of the living cell. This indicates that the enzvme present in 
solution is identical with Warburg’s oxvgen-transmitting enzyme. 


SUMMARY 


1. With a modified isolation procedure a evtochrome oxidase preparation 
has been obtained from heart muscle with 15 times better vield and with 
6 times higher activity per unit of dry weight than previously deseribed, 
The resulting enzyme preparation can be stored under suitable conditions 
for more than 4 weeks without appreciable loss in activity. 

2. The analvtical method has been improved, so as to eliminate inactiva- 
tion of the enzyme during the determination of evtochrome oxidase ac- 
tivitv. Furthermore, no reaction will take place im the absence ot the 
enzyme and consequently the determination of blank rates has become 
superfluous, 

3. The effect of mechanical disintegration of the tissue on vield and solu- 
bility of the oxidase has been investigated and it has been shown that by 
a combination of mechanical decomposition with autolysis and ultrasonm 
radiation a soluble evtochrome oxidase preparation can be obtaimed. 

4. The construction of a piezoelectric ultrasound generator is deseribed. 
A study of the effect of ultrasound on the solubility of evtochrome oxidase 
ledto the establishment of optimum conditions for ultrasonic treatment of 
the enzyme. In consideration of the results with evtochrome oxidase the 
utilization of ultrasound waves as a future method in enzyme chemistry 
seems promising. 

5. The solubility of eyvtochrome oxidase has been investigated under 
various conditions by high speed centrifugation. It was found that the 
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enzymatic activity remains in the clear supernatant solution even after 
2 hours of centrifugation in a field corresponding to 10,000 times gravity. 

6. The presence of Warburg’s oxygen-transferring enzyme in the clear 
solution and its participation in the enzymatic oxidation of eytochrome 
have been demonstrated by inhibition of the reaction with carbon monoxide 
and reversal of the inhibition by light. 


I should like to express my thanks to Professor T. R. Hogness, who is 
now on leave for government service, for his continued interest and en- 
eouragement in the course of this work. We are particularly indebted to 
the Rockefeller Foundation for financial support which has made this work 
possible. 
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IMPROVED MICROMETER BURETTE 


By P. F. SCHOLANDER, G. A. EDWARDS, ann LAURENCE IRVING 


(From the Kdward Martin Biological Laboratory, Swarthmore College, Swarthmore) 
(Received for publication, March 24, 1943) 


The method of directly displacing mercury by means of a micrometer 
spindle (1) has proved in practical use to have certain advantages for 
precise measurement of the delivery of small amounts of liquid. Micro 
volumetric measurements by this method can be made with high accuracy, 
and the svstem has been applied to volumetric measurements of liquids and 
gases In several new micro analytical procedures (2-5). The micrometer 
method of measurement has likewise been found useful for the accurate 
calibration of micro pipettes and other micro volumetric instruments. In 
the course of making these applications several useful modifications of 
the apparatus and procedure have been developed, and the relative and 
absolute accuracy of the measurements which can be made has been ex- 
amined. “Phe modifications of form and the accuracy obtainable by their 
use will be deseribed. 

kor the calibration of the pipettes and svringes used for the micro- 
estimation of CQO in blood (2) it proved convenient to cut the original 
micrometer burette a em. above the bulb. The instrument to be calibrated 
was then connected vertically with the burette through a stiff piece of 
rubber tubing and the solution to be measured was delivered directly into 
the pipette trom the bulb of the burette. The convemence of having a 
straight burette for the calibration of pipettes as well as a delivery burette 
for titration led to the idea of using a standard base with delivery parts 
interchangeably applicable for calibration or titration. 

Bv placing a ground joint between the bulb and the spindle chamber, 
as is shown in Fig. 1, the same micrometer and chamber can be used with 
the calibration burette as well as with the delivery burette. The joint 
also makes it easier to assemble the instrument and to clean the bulb and 
capillary. With this tvpe of burette, the same measuring instrument is 
used to calibrate pipettes and to measure the amounts delivered during 
titration. It is necessary to use all-steel micrometers, 

The construction of the micrometer burette is shown in Fig. 1. -On the 
spindle chamber may be fixed a burette (4) for titration, or a burette (B) 
flor calibration, or any tube in whieh it is desirable to make a precise volu- 
metric measurement. The volume of the bulb should approximate the 
volume displaceable by the spindle. The tip of the burette may be shaped 
as required. For the delivery of water, a Shohl needle tip (6) serves ex- 
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cellently. Before the burette is assembled, a medium heavy grease! is 
applied to the micrometer spindle. <A steel disk (Fig. 1, 7), with a center 
punch mark as a recess for the set-screw (3), is connected to the closed end 
of the spindle chamber, and a lightly greased fiber or paper gasket (2) is 
placed against the spindle bearing. In case of a bad fit between spindle 
and bearing, it is best to use a fiber gasket closely fitting the spindle. The 
glass spindle chamber is placed in the micrometer and the set-screw tight- 
ened. The spindle is retracted until flush with the face of the bearing, and 
the chamber is then filled with mercury through the open socket. It is 


2 


J 


Fic. 1. Micrometer burette. A, assembled titration burette. The burette 
can be furnished with a Shohl needle tip as indicated. B, delivery burette used in 
calibrating other instruments. J, steel disk; 2, fiber gasket; 3, set-serew. The 
clearance of the spindle in the mercury chamber should be made smaller than in- 
dicated in the drawing. 


necessary to remove all air bubbles from the system. Air bubbles ad- 
hering to the walls are removed by touching the bubbles with the tip of a 
fine steel wire and leading them out. ‘Trapping air bubbles at the ground 
joint can be avoided by placing a few drops of water or titration fluid on 
top of the mercury in the socket before inserting the upper part of the 
burette. If necessary, extra mercury is drawn in through the tip. The 
spindle chamber should be made as small as it can be conveniently made to 
clear the spindle. This together with considerate handling makes the 
instrument sufficiently stable to temperature to render a water jacket un- 
necessary. For other details the original paper (1) should be consulted. 


' Nevastane X heavy grease, made by the Keystone Lubricating Company. Phila- 
delphia, has been found to be suitable. 
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Accuracy—The full travel of the spindle of metric scale micrometers is 
25 mm., which is marked off in 2500 scale divisions. Each scale division 
can be further divided into five parts by estimation. The accuracy of 
delivery in the micrometer burette has been determined in three ways: 
(a) by the regularity of micrometer scale readings found in successive 
filling between two marks on the burette itself, (b) by weighing a delivered 
amount of mercury, (c) by weighing a delivered amount of water. 

For the relative calibration one hair-line was placed on the capillary 
of the burette below the bulb and another above the bulb. The volume 
of dry mercury required to fill between the two lines was then determined 
on the micrometer. In the two micrometers tested the discrepancy be- 
tween ten successive readings was not more than 0.2 of the smallest scale 
division, which is as close as one can surely read the meniscus and the 
micrometer. This indicated that repeated displacements of about 0.6 


TABLE I 


Comparison of Four Sections of Micrometer Spindle by Weight of Mercury Delivered 
(Micrometer, Cenco No. 2) 


The values represent mg. of mercury delivered. 


Travel of micrometer spindle 


Maximum 
25-20 mm. 20-15 mm. 15-10 mm. 10-5 mm. 
2151.0 2151.0 2151.4 2151.1 | 0.7 
2151.5 2151.0 2151.1 2153.9* 
2151.2 2151.0 2150.8 2151.0 


* Accidental, bad cutting off of last drop of mercury. 


ml. can be made which differ only by 1 part in 10,000. A relative measure 
of the uniformity of the spindle was made by measuring the volume be- 
tween two marks on the capillary, one mark just above the bulb and the 
second on the delivery tip at the same horizontal level as the first. The 
volume between the marks was determined with dry mercury, different 
parts of the micrometer spindle being used. <A series of such determina- 
tions showed the micrometer spindle to be uniform over its full length (1). 

A series of determinations was made in which mercury was delivered by 
displacement of different sections of the spindle. For this purpose the 
calibrating burette was used (see Fig. 1, B). The instrument was held at 
a slight angle from the vertical and the mercury drops were caught in a 
weighing bottle as they were displaced by the movement of the spindle. 
With the micrometer set at the mark the mercury protruding from the 
capillary was cut off with a razor blade. Table I shows the comparison 
of four sections, of 5 mm. each, of the micrometer spindle. The relative 
agreement of the sections was within | part in 3000. 
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In order to find the absolute amount delivered trom the burette, water 
was delivered into the bottom of a high and narrow ordinary specimen vial 
(S &X 40 mm.) through a Shohl type 24 gage needle tip which dipped into 
the water. It was found that no loss of weight by evaporation could be 
detected within the time necessary for the weighing operations if the vial 
was only one-sixth filled, and not handled directly. With these preeau- 
tions convection due to heat of handling is prevented and the presence of a 


Taste If 
Weights of Successive Deliveries of Water with Travel of Micrometer Spindle 
from 25 tod Mm. 


- 


Micrometer Water delivered Maximum discrepancy 

mie me 

Starrett No. | 736.2 736.3 0.2 
736.3 136.4 
736.3 7360.5 
736.2 736.2 
736.3 736.3 

Cenco No, | H32 H32.4 0.2 
632.4 632.6 
632.4 632.5 
H32.0 4 
632.0 632.5 


III 
Comparison of Four Sections of 1/16 Inch Drill Rod by Weight of Mercury Delivered 


The values represent mg. of mercury delivered. 


Travel of micrometer drill rod ; 
Maximum 


discrepancy 


25-20 mm. 20-15 mm. 15-10 mm 10-5 mm 
134.9 135.3 134.8 0.5 
135.1 135.0 134.9 134.8 
135.0 135.0 134 8 134.9 


laver of the relatively heavy water vapor on the surface of the water re- 
tards further evaporation and makes a stopper unnecessary. ‘This  pro- 
cedure is simpler and quicker than use of either oil or a stoppered weighing 
vessel. The vial completely filled with water showed a loss of 2 mg. per 
5 minutes, whereas the vial only one-sixth filled showed a loss of less than 
0.1 mg. in 5 minutes. “Pable IT shows a series of ten successive determina- 
tions of the weight of water delivered by four-fifths the total capacity of 
the micrometer. The greatest variation (with one exception) in both 
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micrometers was only 1 part in 6000 to 7000, which borders the accuracy 
of reading of the micrometers and the sensitivity of the balance. The 
weight of water delivered by the burette divided by the specifie gravity of 
the water at that temperature gives the volume delivered by the burette. 

In another series of experiments the micrometer burette was taken apart, 
the micrometer regreased, and the instrument reassembled four times 
altogether. After each reassembly the volume of water delivered by 15 
mm. of spindle travel was weighed. These volumes (about 500 ¢.mm.) 
agreed within 0.3 mg. Thirty smooth deliveries in succession agreed 
within 0.1 mg. After 50 rapid serewings out and in of the micrometer 
plunger the grease finally wore out of the bearing and resulted in 1 mg. too 
small delivery out of 500 mg. As the absolute delivery varies within a 
slight amount according to the greasing of the spindle, it may be necessary, 
for extremely accurate work, to check up once in a while on the absolute 
deliverv by weighing. 

Comparing the volume ot water delivered with the volume caleulated 
from the dimensions of the dry spindle, we have found a slight discrepancy, 
of the order of from 0.05 to 0.2 per cent. The difference can be attributed 
in part to the thin film of grease that follows the spindle in and out of the 
bearing. Another cause proved to be the fact that our low priced microm- 
eters were found to be slightly off standard when measured against a 
standard inch ring. For accurate calibration of the burette, weighing ot 
delivered water is simple and the most satisfactory. 

It has been possible to make burettes for the accurate delivery of much 
smaller amounts by replacing the micrometer spindle with a smaller drill 
rod (4). Table TIT shows the delivery of mereury by means of such a 
burette in which a 6 inch drill rod was used in place of the spindle. The 
amount delivered by 25 mm. movement of the spindle was 38 ¢.mm. The 
accuracy for 20 mm. travel of the drill rod was 1 part in 1000, and for 
ach 5 mm. travel | part in 3800 (see Table II]). Some of this variation 
was due to difficulties in the delimitation of the mereury drops. 

It would be possible to make special micrometers with spindle diameter 
and seale made so as to deliver directly in ¢.mm. or decimal fractions 
thereot. 


SUMMARY 


Improvements in the original micro burette are described. The burette 
has interchangeable parts for titration and tor the calibration of other 
Instruments. It is easier to clean and easier to assemble than the original 
apparatus. The burette delivers the total capacity with an accuracy of 
I part in 6000 to 7000. 
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THE PREPARATION OF CHORIONIC GONADOTROPIN BY 
CHROMATOGRAPHIC ADSORPTION*, 


By PHILIP A. KATZMAN, MARCOS GODFRID, C. K. CAIN, anpb 
EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School of Medicine, 
St. Louis) 


(Received for publication, March 29, 1943) 


Although adsorbents of various kinds have been employed extensively 
in the preparation and purification of the gonadotropic hormones, the 
chromatographic type of adsorption of these substances has not been re- 
ported. As a matter of fact, this method has been used only to a limited 
extent for the purification of proteins and protein-like substances. 

The method which we have developed is based upon the use of adsorption 
columns in which permutit is the adsorbent.! Permutit has been used in 
this manner by Whitehorn (2) for the adsorption of nitrogenous bases, 
by Binkley, MaeCorquodale, Thayer, and Doisy (3) in the isolation of 
vitamin Kk, and by Potts and Gallagher (4) for the separation of the active 
principles of the posterior lobe of the pituitary gland. In 1932, Lejwa 
(5) purified the gonadotropic hormone by shaking urine with permutit 
for 2 hours and then eluting the adsorbed hormone with dilute NH,OH. 


He reported that active crystalline material was obtained which assayed — 


1000 mouse units per mg. No data were supplied regarding the vield. 

Our entire process is conducted in the cold room. We do not know 
that this is necessary but it was considered advisable in view of the lability 
of the hormone and length of time during which some of the columns were 
in operation. It is possible, however, that the hormone in the adsorbed 
condition mav be sufficiently stable to allow the process to be carried out 
at room temperature. This point was not investigated. 

Urine obtained during the first half of pregnancy is chilled, filtered, and 
acidified to pH 3.5 with glacial acetic acid. Adsorption of the hormone 
takes place below pH 4, but very little of it is adsorbed at pH 5. If the 
hormone functions as a cation in the ionic exchange, then this indicates 
that pH 4 is below its isoelectric point. Since this is not in agreement with 
the work of other investigators which places the isoelectric point between 


* For lack of better terminology ‘‘chromatographic adsorption’’ is employed here 
to denote the adsorption on columns of the adsorbent even though the adsorbed 
material possesses no color. 

The data upon which this paper is based were presented on April 3, 1942, at the 
Thirty-sixth annual meeting of the American Society of Biological Chemists (1). 
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pH 3 and 3.5, it is possible that some other physical phenomenon is respon- 
sible for the adsorption. | 

After acidification, the urine is filtered to remove the fine precipitate 
which usually forms and the clear filtrate is percolated through a column 
containing permutit (according to Folin). The bed of the adsorbent must 
be at least 14 to 16 inches deep. If too small an amount is used, there will 
be insufficient contact with the permutit and very little adsorption will 
take place. The rate of percolation may be controlled by the height of 
the head of urine or by using negative pressure. Adsorption is complete 
When 10 liters of urine per hour are passed through a column having a 
diameter of 4 inches and containing 2 kilos of permutit. As much as 700 
liters has been run through such a column without diminishing the effect- 
iveness Of the adsorption. 

The column is then washed with cold distilled water until the washings 
are neutral and practically colorless. A large amount of color is removed 
by further washing with 76 per cent ethanol followed by 76 per cent ethanol 
containing 10 per cent NHyAc. No activity is removed by this treatment. 

The hormone is then eluted with 38 per cent ethanol containing LO per 
cent NHyAe. NH,OT may also be used but it removes more impurities 
than does the acetate. The eluate is collected in 500 ce. fractions and the 
active material is precipitated from the active fractions by increasing the 
ethanol concentration. 

The columns may be used repeatedly after being flushed out first: with 
dilute NH,OH until the washings are nearly colorless, then with dilute 
HCl, and finally with distilled water. Some of our columns were used 
repeatedly for 2 vears but were finally discarded because the permutit 
particles were broken down and became so fine as to impede the pereo- 
lation. 

The data in Table IT which were obtained in our preliminary studies 
show the adsorption of the hormone on the permutit and its elution with 
ethanol-NH,OH. In most of these experiments in which small columns 
and small volumes of urine were used, the adsorption was practically com- 
plete. In one instance in which a very potent urine was used, almost 1.5 
million units were adsorbed on 300 gm. of permutit. The elution was 
usually complete. 3 Mm NH,OH in about 60 per cent ethanol removed a 
portion of the active material accompanied by a large amount of inert 
material. The remainder of the activity was removed in a much purer 
condition by reducing the alcohol concentration to 38 per cent. The 
active material was obtained in powder torm by neutralizing the NH,OH 
with acetic acid and increasing the concentration of aleohol until preeipi- 


tation occurred. 
It was in this phase of the investigation that we discovered that the 
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NH,Ac, which was formed from the neutralization of the NH,OH, increases 
the solubility of the hormone in alcohol and is as effective as NH,OH in 
eluting the adsorbed hormone. Since purer products were obtained by 
its use, this reagent was incorporated in the procedure. 


TABLE I 
Adsorption of Chorionic Gonadotropin on Permutit; Ethanol-NH,OH Elution 


Urine Elutrient | 
Permutit Volume Per cent elutriated 
Total activity pe Ethanol = Volume 
ke. liters rat units per cent uv liters | 
0.25 440,000 57 3.0 10 | 2 
38 3.0 | SO 
0.25 14 230,000 9% | 57 3.0 2.0 | 30 91 
3.0 
0.30 YS 193,000 38 3.0 100 
0.30 14.5 1,450,000 >97 &2 3.0 98 
38 3.0 1.0 S4 
2.0) 530,000 & 1.5 6.0 80 
2.0 60) 306,000 >95 38 3.0 2.75 | > 100 


20 326,000  >90 38 3.0 4.0 | > 100 


TABLE II 


Adsorption of Chorionic Gonadotropin on Permutil; Ethanol-NH,Ac Elution 


Urine Elution 
Volume Total activity Per cent Volume Total activity Per cent 
liters rat units liters rat unils 
6.5 200, 000 0.4 190, 000 95 
17 650,000 >99 0.55 550 , 000 85 
70 1 650,000 >99 3.0 1,500,000 00 
135 6.900 000 4.0 6,340, 000 
38S 13,500, 000 >99 3.0 12, 800,000 95 
15,000,000 >99 15,000,000 100 
716* 16,000, 000 GS 3.0 10,500, 000 65 
3607 000, 000 OH 4.0 3.500 70 


4407 7.500, 000 OS 3.0 6, 500, OOO SS 


“HCl used in place of acetie acid. 
Coarser permutit. 


Table IL presents the data concerning the adsorption of the hormone on 
the permutit and its elution with ethanol-NH,Ae solutions. With the 
exception of the first two instances in which 300 gm. were used, these 
columns contained 2 kilos of permutit. The activity of the urine before 
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and after adsorption was determined by precipitating samples of urine 
with 10 volumes of alcohol and assaying the aqueous solutions of these 
precipitates. Usually the urines before adsorption contained only about 
20,000 rat units? or 10,000 I.u. per liter. 

The adsorption is practically complete even after 716 liters of urine 
containing a total of 16 million rat units have passed through the column. 
It is interesting to note that this is an adsorption of 8000 rat units per gm. 
of permutit without an apparent diminution of the effectiveness of the 
adsorbent. The elution with the 38 per cent ethanol-10 per cent NH,Ae 
solution is usually 85 to 100 per cent complete, the active material being 
distributed through 3 to 4 liters of the eluate but 70 to 85 per cent is usually 
present in 1 liter. 

In one column in which hydrochloric acid was used in place of acetic 
acid for acidifying the urine, the vield was not good. Since this column 
had been in operation for 3 months, it is not known whether the poor vield 
was due to strong acid or the length of time that the column was used. 
We are inclined to believe it is the former, for we have found that some 
samples of urine show marked loss of activity after acidification with hv- 
drochlorice acid. 

In two columns a coarser permutit was used in order to permit a more 
rapid percolation of the urine. While the vields in these cases were fairly 
good, the active material was not eluted sharply, being distributed rather 
uniformly through 2 to 3 liters of the eluate instead of being largely confined 
to | liter as was the case with the regular permutit. 

The hormone in the eluate is fractionally precipitated with ethanol. 
The most potent fractions, accounting for 89 to 95 per cent of the total 
activity of the eluate, are combined and the aleohol concentration raised 
successively in steps of 5 per cent from 60 to 80 per cent ethanol. After 
each addition of alcohol, the precipitate is collected by centrifugation, 
washed with aleohol and acetone, and dried 7n vacuo. 

The results of such fractionations are shown in Table III. Occasionally 
the hormone precipitates from an aleohol concentration as low as 65 per 
cent or as high as 80 per cent. The former occurred only with the eluates 
from the columns containing the coarse permutit. Generally, however, 
the bulk of the activity precipitates rather sharply at 70 or 75 per cent 
ethanol concentration. By this means the bulk of the hormone is collected 
in a single fraction which seldom is less potent than 5000 rat units per mg. 
and the potency may be as high as 16,000 rat units per mg. ‘The combined 
activity of the fractions shows that little loss is incurred in this fraction- 
ation. 


2QOur rat unit is based on the production of vaginal opening together with estrus 
in immature female rats. 1 1.u. is equal to 2 of our rat units. 
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We have not attempted to purify the products having an activity greater 
than 10,000 rat units per mg. However, the potency of cruder prepara- 
tions may be substantially increased by extraction with ethanol-N H,Ac 
mixtures and precipitation with ethanol. 

As stated above, we have found that the solubility of the hormone in 
ethanol is increased by ammonium acetate, making it possible to obtain a 
considerable concentration of the hormone in 80 per cent alcohol. How- 
ever, if the concentration of this salt exceeds 20 per cent, some inactivation 
occurs. Because of its solubility in ethanol, ammonium acetate does not 
contaminate the final product. In our experience the most effective puri- 


TABLE III 
Fractional Precipitation of Eluate with Ethanol 


Concentration of ethanol 


65 per cent | 75 per cent | per cent 
Rat units | Per cent | Rat units | Per cent | Rat units | Per cent Rat units Per cent | 
permg. | activity | permg. activity per mg. activity per mg. activity 
| | | per cent 
70 | | 16,000; | | 100 
4,500 80 | 3,500! 20 100 
<200 | 6000-1010 
<50 < 250 | | 600 | | 96° 
<500 | 3,000 | 26 8,000' | 
3000- 7 12,500 | 80 2,200/ 5 92 
3300 3 11,600 | 90 1,350 © 2 95 
2000 38 6,000 50 1,000 6 94 
28 


3600 66 2,450 


*15 per cent of activity precipitated by 85 per cent ethanol. 
+ From coarse permutit. 


fication is accomplished by extracting the dry powders successively with 
the ethanol-N H,Aec mixtures as indicated in Table IV and fractionally pre- 
cipitating the active material in tnese extracts by gradually increasing the 
alcohol concentration. 

In the first columns of Table IV, the potency and quantity of the starting 
materials are given. The subsequent columns show the potency and per- 
centage of the total activity extracted by each ethanol-ammonium acetate 
mixture. The total activity recovered is recorded in the last column. 
The bulk of the hormone is usually soluble in 75 and 70 per cent ethanol 
containing 14 and 10 per cent ammonium acetate, respectively. The pre- 
cipitates from these solutions are considerably more potent than the start- 
ing material and account for the greater part of the activity. A repetition 
of the procedure with the cruder fractions results in additional purification 
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with practically no loss of activity. The purest preparations contained 
8500 1.U. per mg. by our rat assay procedure and about 8000 1.U. per mg. 
in the postpartum rabbit by Friedman’s method (6). This is about the 
same potency as that reported by Gurin, Bachman, and Wilson (7) for 
their most active preparations. 

One of the obstacles which is encountered in carrying out such interest- 
ing studies as those performed by Gurin, Bachman, and Wilson (7, 8) 
with chorionic gonadotropin is the difficulty of obtaining adequate amounts 
of the highly purified hormone. The method which is described in this 
report should facilitate work of this nature, because its ease of manipula- 


TaBLe IV 


Purification of Dry Precipitates by Extraction with Ethanol-NH Misrtures 


75 per cent 75 per cent 70 per cent 65 per cent 
Preparation used ethanol, 10 per ethanol, 14 per ethanol, 10 per ethanol, 10 per - 
cent NHiAc cent NH«Ac cent NHsAc cent NHiAc 
ity 
Per Per Per Per recov 
Rat units Weight Rat units cent Rat units cent Rat units cent Rat units; cent ered 
per mg. per mg activ per mg activ per mg. activ per mg activ 
ity ity ity ity 
me. percent 
1.660 775 7.000 7.000 2000 9] 
1,800 110 j 000 Su 
OOO 190 3.000 1 53 3300 107 
2,200 30 500 3 S000 1000 
5.500 60 16,000 10) 4000 10 75 
S000 35 
7.500 4,000 6 14.000 73 1000 3 Q5 
O00 13 
10,000 10 17.000 17.000 43 S7 


tion and effective separation of inert material make it possible to obtain 
highly purified preparations in good vield from ordinary pregnancy urine. 

Chorionic gonadotropin loses its activity quite rapidly in dilute solution 
and more slowly when it is concentrated. Preliminary experiments to 
stabilize solutions of the hormone indicate that MgCl, gelatin, and, par- 
ticularly, serum protein may decrease the rate of inactivation. 

Due to more pressing demands upon our time the chemical studies of 
this hormone which were already in progress have been abandoned. — It 
may be worth while to apply the chromatographic method to the gonado- 
tropic hormones of castrate urine, pregnant mare serum, and the anterior 
pituitary as well as other physiologically active proteins. The use of 
adsorption columns offers advantages which are not inherent in other 
methods of adsorption. 
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SUMMARY 


A new method for the preparation and purification of chorionic gonado- 
tropin of pregnancy urine is described. This method is based on the chro- 
matographic adsorption of the active principle on permutit and its elution 
with an alcoholic solution of ammonium acetate. The hormone is pre- 
cipitated from the eluate by increasing the concentration of alcohol. 

Since ammonium acetate increases the solubility of the active material 
in alcohol, purification of dry preparations may be accomplished by ex- 
traction with aleohol-ammonium acetate solutions of varying concentra- 
tions and precipitation by increasing the concentration of the alcohol. The 
purest preparations have been found to possess a potency of 8500 I.v. 
per mg. 


We are indebted to the Theelin Fund administered by the Committee 
on Grants for Research of St. Louis University for financial support and 
to Miss Corinne Dewes for technical assistance with the assays. 
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THE RATES OF REPLACEMENT OF DEPOT AND 
LIVER FATTY ACIDS IN MICE* 


By DeWITT STETTEN, Jr., anv GODFREY F. GRAIL 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, April 1, 1943) 


In their study of the origin of the fat accumulating in the liver under 
various conditions, Barrett, Best, and Ridout (1) have demonstrated that 
when the etiology of the fatty liver was inanition, CHCl; poisoning, or 
administration of anterior pituitary extract the major portion of the fat 
coming to the liver arose from the depots. In contrast, they noted that 
when fatty livers developed in mice on a high carbohydrate diet poor in 
lipotropic factors much of the fat that appeared in the livers must have 
arisen from sources other than the depot fat. They concluded that under 
these circumstances a portion of the fat appearing in the liver was newly 
synthesized from carbohydrate of the diet. 

The technique employed by these workers was to label the fatty acids of 
the bodies of mice with deuterium by feeding relatively large amounts of 
deuterio fatty acids. When this is done, a high concentration of isotope 
soon appears In the fatty acids of the liver and a relatively lower concentra- 
tion in the fatty acids of the depot fat. Their conclusions are based on the 
levels to which the deuterium values of the liver fatty acids dropped during 
the development of fatty liver. ‘There are certain apparent discrepancies 
hetween their data and those reported for similar experiments by Schoen- 
heimer and Rittenberg (2, 3). 

Schoenheimer and Rittenberg have shown that when the fatty acids of 
mice are enriched with isotope by a preliminary feeding of deuterio fatty 
acids, and the animals are then placed on a diet of bread crumbs, the deute- 
rium concentration in the body fats drops rapidly. From observations of 
the rate at which isotope disappears from the fatty acids of the body, an 
estimate may be made of the rate at which the labeled fatty acids are being 
replaced by unlabeled fatty acids. If the fat content of the animal is con- 
stant, the rate of disappearance of isotope is a fairly precise measure of the 
rate of catabolism of fat. If, in addition, the diet is free of fat, this rate is 
also a measure of the rate of synthesis of fat. On the basis of such experi- 
ments, Rittenberg and Schoenheimer (3) have arrived at a value of 5 to 9 
days for the half life of fatty acid molecules in the body of the mouse. The 
implications of this rapid turnover have been discussed by Schoenheimer (4). 


* This work was carried out with the aid of a grant from the Josiah Macy, Jr., 
Foundation, 
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The data of Barrett, Best, and Ridout (1), on the other hand, seem to 
indicate that under their experimental conditions the fatty acids of the 
depot were replaced at a much slower rate, if at all. In some experiments, 
in which, after a preliminary feeding of deuterio fatty acid, the animals were 
fasted, no alteration in the isotope concentration in the depot fatty acids 
occurred although the quantity of depot fat decreased during the period of 
fasting. This is in accord with the view that fattv acids were being burned 
but not replaced. More difficult to explain is the very slow rate of decrease 
in deuterium concentration of the depot fat when, after a similar prelimi- 
nary feeding, the mice were maintained on a high carbohydrate or high 
protein diet. The decreases in deuterium concentration in the depot fat 
observed by Barrett, Best, and Ridout in mice after 7 days on a high carbo- 
hydrate diet are from 2.80 to 2.46, from 2.55 to 2.34, and from 2.51 to 1.94 
atom percent D. Ona high protein diet the change in isotope concentra- 
tion was even less. Thus, after | week, the value had changed from 2.51 
to 2.55 atom per cent D, and in a 2 week experiment, the value dropped 
from 2.05 to L.S8 atom per cent D. The discrepancy becomes apparent 
when it is pointed out that from the results of Rittenberg and Schoen- 
heimer (3) one might have expected the isotope concentration to have been 
approximately halved in Ll week. 

It is clear that in the mice of Barrett, Best, and Ridout the isotopie fatty 
acids of their depots were not diluted with newly svnthesized, non-isotopic 
fattv acid. A possible explanation tor this failure of svnthesis is that the 
diet was lacking in one or more Ingredients necessary for optimal fatty acid 
synthesis. Vitamin B,; was included in these diets but no other vitamin B 
supplements are mentioned in their report. “The specific need tor pyridox- 
ine if fatty acids are to be synthesized trom protein precursors has been 
deseribed by MeHenry and Gavin (5). Quackenbush, Steenbock, and 
Platz (6) have reported that pyridoxine together with pantothenic acid is 
as important in the diet as thiamine for the svnthesis of fat from carbohy- 
drate. As these supplements were wanting in the diet of Barrett, Best, 
and Ridout, the failure of svnthesis of new fat by their animals may be 
provisionally ascribed to this deficiency. 

To test this hypothesis, adequate amounts of pyridoxine and pantothenic 
acid, together with nicotinamide and riboflavin, were added to a diet very 
similar to the high carbohydrate diet of Barrett, Best, and Ridout and the 
rates of disappearance of deuterium from the fatty acids of liver and depot 
fat determined, after the usual preliminary enrichment of these fats with 
isotopic fatty acid. In a second experiment, differmg from the first only 
in that choline was withheld from the diet, the same measurements were 
made on another series of mice. It has been suggested that choline is in 
some way concerned with the normal degradation of fatty acids (7), and 
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it was felt that differences between these two experiments might eeemenl 
the nature of this effect. 


EXPERIMENTAL 


The basal diet contained 85 per cent of glucose monohydrate, 6 per cent 
of casein (Labeo), 4 per cent of salt mixture (8), and 5 per cent of roughage 
(Celluration'). To each kilo of basal diet were added wheat germ oil 
1.0 gm., viosterol 0.1 gm., carotene 0.2 mg., thiamine hydrochloride 5.0 
mg., riboflavin 10 mg., pyridoxine 10 mg., calcium pantothenate 10 mg., 
and nicotinamide lO mg. This diet was designated as ‘“‘mouse diet without 
choline.”” To a portion of it 3.0 gm. of choline chloride were added -per 
kilo, and this was designated ‘‘mouse diet with choline.”? Each diet was 
thoroughly homogenized by grinding in a ball mill for 24 hours. 

A sample of linseed oil was saponified and the fatty acids obtained there- 
from esterified with ethanol. The resulting mixed ethyl esters were re- 
duced with deuterium in the presence of platinum catalyst (9) until no 
further uptake of gas occurred. After removal of the catalyst, the product 
was purified by vacuum distillation. The product was a colorless solid 
at room temperature. Tsotope analysis, 10.0 + 0.2 atom per cent excess D. 

Thirty-five male mice of an average weight of 15 gm. were placed in 
groups of five in cages and supplied ad libitum with the mouse diet with 
choline. After a few days, during which time their weight remained con- 
stant, 7.5 per cent deuterio fatty acid ethyl esters was incorporated into 
the diet and this mixture was offered to the mice ad libitum for 5 days. 
During this period the mice gained an average of 1.2 gm. in weight. One 
group of five mice was then killed (Group A), fifteen of the remainder 
returned to the mouse diet with choline (Groups B-1, C-1, D-1), and the 
other fifteen animals placed on the mouse diet without choline (Groups 
B-2, (-2, D-2). The weights of the surviving animals tended to revert 
to the weights prior to the feeding of tat. The B groups were killed 3 
days, the C groups 6 days, and the D groups 9 days after the feeding of 
fatty esters had been discontinued. 

The feces, together with the spilled food, were collected on trays beneath 
the coarse mesh floors of the cages. They were pooled in a tashion indi- 
‘ated in ‘Table TI. 

The animals were killed by asphyxiation with nitrogen and their gastro- 
intestinal tracts were removed and discarded. From the five animals of 
each group the livers were pooled, and the remaining carcasses were pooled. 
Samples of body water were distilled from the livers (10). The livers and 
‘arecasses were hydrolyzed with alcoholic KOH and the fatty acids and 


' Purchased from the Fisher Scientific Company through Eimer and Amend, 


New York, 
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non-saponifiable matter isolated by methods previously described (11), 
Fecal fatty acids were isolated after a similar hydrolysis. The hydrolyzed 
mixture was acidified, to decompose calcium soaps, and the product ex- 


TABLE 
Weights and Deuterium Concentrations of Depot and Liver Fatty Acids 


Seven groups of five mice each were fed for 5 days a diet containing 7.5 per cent 
deuterio fatty acid ethyl esters (D = 10.0 atom per cent) and 0.3 per cent choline 
chloride. Group A was then killed and the remaining groups placed on fat-free 
diets with and without choline, and killed at 3 day intervals, as indicated. 


| | 
| ; | Total Liver Depot fatty acids | Liver fatty acids Bod 
Group’ Basal diet plus Time wet | wet _ 
_ weight | weight ‘Weight | Weight) D Weight Weight D 


| | per atom per atom atom 


days gm. gm. gm. cent per gm. cent per per 
total cent liver cent | cent 


A Choline + 5 85.2) 5.52 8.121 9.5 0.42 0.230 4.2 0.94 0.036 


deuterio 

fatty esters 
B-1 Choline | § 76.2 | 5.32 | 8.316, 10.9 | 0.25, 0.223 4.2 0.27 0.020 
11 «76.6 5.38 10.728 14.0 0.24 0.221) 4.1 0.17 0.009 
14 76.3 5.58 8.249° 10.8 0.13 0.297 5.3 0.08 0.007 
B-2 Nocholine 8 73.7 5.49 8.619 11.7) 0.27 0.671 12.2) 0.23 0.012 
C-2 | * ei il | 72.1 | 4.96 | 6.132; 8.5 | 0.23) 0.328 6.6 0.16 0.013 
» 14 | 78.0 | 5. 2.5 0.14 0.342 6.1 0.09 0.002 


[1 
Weights and Deuterium Contents of Fecal Fatty Acids 
The feces together with spilled food from the mice in the groups shown in Table | 
were pooled as indicated. The fatty acids isolated therefrom were analyzed for 
deuterium. 


From animals of Group Days included Fatty acids DD 
me. per mouse per day alom per cent 
All O~ 5 106 8.54 
Bi C1; Dt 5- 8 34 7.80 
C-1, D-1 S-11 3 0.93 
11-14 Ip 1.80 
B-2, C-2, D-2 o- 8 26 6.63 
D2 8-11 6 1.31 


1-2 11-14 0.41 


tracted with ether. The filtered ethereal solution was washed with water 
and then shaken with aqueous KeCQO 3. The alkaline laver was drawn off, 
acidified, and the fatty acids taken up in ether. 

The several fractions were analyzed tor deuterium by the falling drop 
procedure (12), and the values obtained are given in Tables [ and [T. 
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DISCUSSION 


From these data it is apparent that in both series of animals the deu- 
terium concentration in the fatty acids of liver as well as depot fat fell off 
rapidly with time. Initially the fatty acids of the liver were more than 
twice as rich in isotope as those of the depot fat, but by the end of the 
experiment the isotope content of the liver fatty acids had fallen to a value 
significantly below that of the depot fatty acids. 

A better appreciation of the rates of these reactions may be had from 
the evaluation of the first order velocity constant, 


In % — Ini 
l 


TaBLe III 
Velocity Constants and Half Times of Reactions Investigated 


The reaction velocity constants (first order) have been calculated by the method 
of least squares for the decrease in deuterium concentration in the fatty acids of 
depot and liver. The half time of each reaction has been computed from the velocity 
constant. 


Source of fatty acid | Basal diet plus | k by 
| days™! days 
Depot Choline | 0.12 + 0.02° 6.0 + 1.0 
" No choline | 0.14 + 0.02 5.1 + 0.6 
Liver Choline | 0.27 + 0.02 2.6 + 0.2 
” No choline | 0.24 + 0.04 | 2.8+0.4 


where 7 is the initial isotope concentration and 7 is the isotope concentra- 
tion at time ¢. From k, in turn, the half time t; may be calculated, 


In 2 


The most probable values for k and t; have been calculated by the method 
of least squares for the decrease in isotope concentration in the fatty acids 
of liver and depot fat (Table ITT). 

In our animals, the isotope concentration in the depot fatty acids was 
halved in 5 to 6 days, a value in good agreement with that reported by 
Rittenberg and Schoenheimer (3), and in marked contrast to the data of 
Barrett, Best, and Ridout (1). As the only important difference between 
our experimental conditions and those of the latter group of workers was 
the more nearly complete vitamin B supplement in our diet, it would seem, 
as pointed out by Quackenbush, Steenbock, and Platz (6), that the normal 
conversion of dietary carbohydrate to body fatty acid is not a function 
specific to thiamine alone, but involves somehow other members of the 
B complex. 
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Whereas the rate of disappearance of isotope from the depot fatty acids 
gives a fair picture of the rate of replacement of fatty acid molecules in 
the depot, the same does not necessarily apply for the liver fatty acids. 
The total amount of fat in the livers was in all cases much less than in the 
depots. Manifestly the “new” fatty acids appearing in the liver, syn- 
thesized from non-isotopic carbohydrate fragments in a medium of body 
water very poor in D.O, were very low in isotope. However, it is highly 
probable that some of the fatty acids appearing in the liver came from 
the depot fat and therefore contained deuterium. In so far as this latter 
process took place, it must have retarded the tall in deuterium concentra- 
tion. ‘Therefore it follows that the actual rate of replacement of fatty 
acids in the liver may have been much more rapid than was indicated by 
the rate of disappearance of isotope, and that the time of replacement of 
one-halt of the liver fatty acids may be much less than 2 to 3 days. 

It may be calculated that the actual rate of synthesis of fatty acids by 
each group of five mice was in the neighborhood of | gm. per day. As 
this is about 4 times as much fatty acid as was present in the livers of the 
normal animals, if the liver be assumed to be the major site of this svnthe- 
sis, the half life of a molecule of fatty acid in the liver becomes a matter of 
hours rather than days. 

Little effect of the presence or absence of added choline in the diet was 
observable. The choline-deficient animals showed a moderate to mild 
degree of fatty liver, but the rates of disappearance of isotope in the depot 
and liver fatty acids were the same as those in the control animals, within 
the experimental error. Any effect due to choline upon the rates of svnthe- 
sis or degradation of fatty acids must have been quite small. 

The dilution of dietary isotopic fatty acid by excreted fatty acid in the 
intestine has been studied in the human with and without normal bile 
flow, by Shapiro, Koster, Rittenberg, and Schoenheimer (13). In the 
present experiments the decrease in isotope concentration in the fecal 
fatty acids doubtless resulted from excretion of body fatty acids into the 
lumen of the intestine, although the quantity of fatty acid excreted per 
mouse per day on a fat-free diet is very small. It is of interest to note 
that even after 9 days on a fat-free diet the fecal fatty acids are richer in 
isotope than the body fatty acids. As this must be due to residual dietary 
fat, it gives some idea of the length of time required effectively to wash 
out a dietary ingredient from the intestinal tract. 


SUMMARY 


After a preliminary enrichment of the body fat of mice with isotopic 
fatty acias, the rate of disappearance of isotope has been studied while 
the animals were on high carbohydrate diets and supplied with all the 
known essential vitamin B supplements, with and without choline. 
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The half life of deuterium in the depot and liver fatty acids has been 
calculated as 5 to 6 days in the depot fat and 2.6 to 2.8 days in the liver. 
It has been pointed out that this latter figure is certainly larger than the 
half life of liver fattv acids. 

The presence or absence of choline had no significant effect on the rates 
of disappearance of deuterium from depot and liver fatty acids. 
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STUDIES ON NICOTINIC ACID DEFICIENCY IN THE CHICK* 


By G. M. BRIGGS, Jr., T. D. LUCKEY, L. J. TEPLY, C. A. ELVEHJEM, 
AND E. B. HART 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, March 29, 1943) 


In a previous report (1) it was demonstrated that chicks receiving puri- 
fied rations low in nicotinic acid grew poorly and developed a typical chick 
blacktongue. The occurrence of these symptoms was prevented by the 
addition of nicotinic acid to the ration. , 

This paper presents further studies on this deficiency and gives data on 
the activity of several nicotinic acid esters, as well as studies on the possible 
synthesis of nicotinie acid within the chick. 

The experimental procedure and the composition of the basal ration 
have been reported (1). Briefly, the nicotinic acid-deficient ration is 
composed of purified casein, gelatin, dextrin, salts, soy bean oil, cystine, 
crystalline vitamins (except nicotinic acid), vitamins A and D, and con- 
centrates of biotin and the unknown vitamins. ‘The nicotinic acid content 
of this basal ration varied between 0.2 and 0.3 mg. per 100 gm. Day-old 
white Leghorn chicks were used throughout. 

Nicotinic acid assays were made according to the method of Snell and 
Wright (2). The tissues were prepared by autoclaving at 15 pounds for 
, hour with 1 N sodium hydroxide. The nicotinic acid content of the 
whole chick was determined by hydrolyzing the entire animal in boiling 
10 per cent potassium hydroxide (alcoholic) for 45 minutes and analyzing 
a representative aliquot. Coenzyme I analyses were made by the method 
of Axelrod and Elvehjem (3). 


Results 


Growth Results (See Table I)--In confirmation of previous results, chicks 
receiving the basal ration (Group 1) showed a slow rate of growth (Column 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by grants from the Wisconsin Alumni 
Research Foundation and Swift and Company. 

We are indebted to Merck and Company, Ine., Rahway, New Jersey, for the 
crystalline vitamins; to The Wilson Laboratories, Chicago, for solubilized liver 
diver Fraction L); to Wilson and Company, Ine., Chicago, for gelatin; to Allied 
Mills, Ine., Peoria, Illinois, for soy bean oil; and to Dr. A. D. Welch, Sharp and 
Dohme, Inc., Glenolden, Pennsylvania, for the sulfasuxidine. 

We are grateful to Miss Eleanor G. Anderson for the coenzyme I analysis and to 
Mr. Willard A. Krehl for the preparation of the nicotinic acid esters. 
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Group 
No 


te 


9 


10 


NICOTINIC 


Ration 


Basal (no nicotinic 
acid) 

Basal + 1.5 mg, 
nicotinic acid 
per 100 gm. 

Basal + 
nicotinie acid 
per 100 gm. 

Basal + 0.5 gm. 
sulfasuxidine 
per 100 gm. 


As for Group 4 + 


1.5 mg. nicotinic 
acid per 100 gm. 
Practical chick 
starter 
As for Group 6 + 
10 mg. nicotinic 
acid per 100 gm. 
As for Group 6 + 
100 mg. nicotinic 
acid per LOO gm. 
Basal + 1.5 mg. 
ethyl nicotinate 
per 1OO gm. 
Basal + 10 mg. 
ethyl nicotinate 
per 100 gm. 
Basal + 1.5 mg. 
propyl! nicotin- 
ate per 100 gm. 
Basal + 1.5 mg. 
butyl nicotinate 
per 100 gm. 


* The figures given in Columns 5 and 6 represent the average 
from individual analyses of tissues of three chicks and those given in Columns 7 
and 8 represent averages obtained from two chicks, 
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8) and chick blacktongue (Column 4). When 1.5 mg. of nicotinie acid 
per 100 gm. were added to the ration, nearly maximum growth was ob- 
tained, while a higher level, lO mg. per 100 gm., gave only slightly better 
growth. big. | shows representative chicks with and without nico- 
tinie acid, 

Sultasunxidine (succinyl sulfathiazole), known to diminish the growth of 
certain intestinal organisms (4), was ted to chicks in Groups 4 and 5 to 
determine whether svnthesis of nicotinic acid occurred in the intestine of 
chicks receiving a purified ration. The growth results with this drug, com- 
pared with those without the drug, showed that if intestinal svnthesis of 
nicotinic acid does occur only small amounts are produced. 

To determine whether or not larger amounts of nicotimie acid had any 
effect on the meotinic acid content of tissues, a good practical chick starter 
mash (Wisconsin No. 45) was fed with high amounts of this vitamin. 
(This mash contained 7.7 mg. of nicotinic acid per LOO gm. as measured by 


bia. Lo Nieotinie aetd deficreney in the ehiek. (Both ehieks are the same age; 
the ehiek on the right did not receive nicotinic acid. 


the assay.) As tar as growth was concerned, additions of nico- 
tink acid up to LOO mg. per 100 gm. (CGrroups 6 to 8) caused neither im- 
provement nor detrimental effect. 

The growth obtained by teeding ethyl, propyl, and butyl nicotinates 
(Groups Oto 12) showed that the nicotinic acid activity of these compounds 
Increased as the length of the carbon side chain increased. The reason 
for the difference in the activity of the esters cannot be explained trom our 
data, but it is possible that the shorter chain esters resisted enzymatic 
action in the intestine to a greater extent than the longer chain esters. 

Influence of Diet on Nicotinic Acid Content of Tissues “Vhe amount ot 
nicotinic acid per gm. of tresh breast muscle and liver taken from the chicks 
that had received the various diets for 4 weeks is shown in Columns 5 
and 6, Table I. When 1.5 mg. of nicotinic acid per 100 gm. of ration were 
added, the amount in the breast muscle increased only slightly over that 
obtamed with the basal ration. When an excess of this vitamin was fed, 
lO mg. per 100 em. of ration, the amount in the breast muscle was in- 


| 
re 
} i 
4 
a 4 
15 
| 
| 
| 
i 
| 
| 
| 


520 NICOTINIC ACID STUDIES IN CHICK 


ereased 15-fold. The amount of nicotinic acid in the breast muscle of the 
chicks receiving sulfasuxidine (Groups + and 5) was slightly lower than 
that of the corresponding group without the drug (Groups | and 2). The 
amount of nicotinic acid in the liver did not increase appreciably unless 
high amounts of nicotinic acid were fed with the practical ration. — It 
appears that the nicotimie acid content of the breast muscle increases to a 
saturation point, at which point further storing of nicotinie acid: occurs in 
the liver. Dann and Handler (5) have reported nicotime acid values for 
chicken breast muscle and liver which agree closely with the values we 
have obtained for these tissues in the normal control groups. “These 
normal values may, of course, be raised or lowered, depending on the nico- 
tinic acid content of the ration. 

The coenzyme I analysis (Column 7) of the breast muscle showed that 
the concentration of this enzyme, like the micotinie acid content, was 
markedly influenced by the amount of nicotimie acid available to the tissues, 

To determine the extent of svnthesis of nicotinie acid occurring within 
the chick, the amount of the vitamin in the entire 4 week-old) chick was 
determined (Column 8). This value was compared to the total nicotinic 
acid taken in over the 4 week period p/us the amount present in the day-old 
chick (Column 9) and thereby the nicotinie acid balance was determined 
(Column 10). The amount of micotinie acid in the day-old chick was de- 
termined by analyses of four representative chicks. They were found to 
contain, on the average, 27.4 y (27.2 to 27.7 y) per gm. of tresh tissue, ora 
total of 0.9 mg. (O.SO to 0.91 mg.) of micotinie acid per chick. This total 
value plus the nicotinic acid taken in over the 4 week period by chicks on 
the basal ration was somewhat smaller than the nicotinie acid content of 
the 4 week-old chick, showing that about 0.9 mg. of nicotinie acid) was 
svnthesized during the experimental period. This amount of nicotinic 
acid is about one-sixth of the total amount of micotimie acid needed in the 
diet for normal growth over a 4 week period. “These data, in addition to 
the weight results, give direct evidence that the voung chick on purified 
rations can svnthesize only a part of its total meotinie acid requirement. 
The nicotinie acid balance of chicks on the 1.5 mg. level of micotinie acid 
(Group 2) was slightly negative, showing again that this amount of nico- 
tinie acid is just border line. Chicks in Group 3, receiving LO mg. of nico- 
tinic acid per 100 gm., had a balance of —22.4 mg., indicating that at this 
level a large excess of the vitamin was taken in. 

The results obtained with Groups 4 and 5, receiving sulfasusxidine, were 
similar to the results with Groups |oand 2. It is evident, however, that 
sulfasuxidine retarded synthesis of nicotinie acid by about 50 per cent. 
(Compare Group | with Group 4, Column 10.) The results trom the 
chicks on the practical rations showed that regardless of how much nico- 
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tinic acid was in the diet the content of the whole chick appeared to reach 
a saturation point above which excess nicotinic acid was largely exereted. 

Other Results Since our last report, we have noticed in our nicotinic 
acid-deficient groups a dermatitis occurring in spite of ample pantothenic 
acid and biotin in the ration, The dermatitis first appeared on the upper 
part of the feet and on the legs atter the chicks had been on the diet for 2 
to3 weeks. About 40 per cent of the birds on the basal ration has been so 
affected. Some (eight out of thirty) of the chicks receiving the esters of 
nicotinic acid at low levels (Groups 9, El, and 12) had a severe dermatitis 
not only of the feet and legs but over the entire body, especially under the 
wings, Where large hard scales were formed (see Fig. 2). Since the chicks 
in Group lO which received a high amount of ethyl nicotinate did not have 


hig. 2. Nieotinie acid ester studies. Note the dermatitis of the feet and legs 
of the bird on the left (from Croup 9) and the severe dermatitis on the skim under 
the wing of the bird on the right (from Crroup EP). 


the dermatitis, it was concluded that this condition could not be due to a 
toxicity of the esters, 

The occurrence of some perosis in the mieotimie acid-deficient chicks 
(SIX out of nineteen) suggested that nicotinic acid may be another factor 
necessary for the prevention of this condition, since the control group, re- 
eelving the micotinie acid, had no perosis. There was no correlation be- 
tween the occurrence of the perosis and the dermatitis mentioned in the 
preceding paragraph. Other svmptoms seen in chicks receiving the basal 
ration were slow feather development and a decrease in food consumption, 


DISCUSSION 


Since the discovery that micotinie acid was necessary for the cure and 


prevention of canine blacktongue and human pellagra, there has been a 
great deal of work on the measurement of this vitamin in all types of food- 
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stuffs. There is need for a good animal assay to corroborate the shorter 
and more efficient microbiological and chemical assavs. kor this reason 
we suggest the use of the chick as a possible assay animal and we have 
found (unpublished data) that this animal may be used for this purpose 
to advantage. 

The reason the dermatitis whieh occurred inp chicks receiving low 
levels of the nicotime acid esters was more severe than the dermatitis in 
chicks on the basal ration is not vet clear, Tt may be a matter ot effective 
nicotinic acid levels or it is possible that since nicotimie acid was low within 
the tissues the unhvdrolvzed esters were used in making a coenzyme I- 
like substance which caused the blocking of certain true coenzyme [ re- 
actions. 

The question arises whether or not the finding that chicks on purified 
rations require a dietary source of nicotinic acid is of anv practical value 
aus tar as the commercial feeding of poultry is concerned. As vet we can- 
not fully answer this question, but it would seem that since the minimum 
requirement is small compared to the amounts found in most toodstuffs 
a deficiency of micotinie acid would be rare in chicks receiving an average 
ration. It is entirely possible, however, that such a deticieney could: exist 
along with a deficiency of other vitamins of the B complex in chicks  re- 
ceiving a poorly balanced ration, provided the svnthesis of nicotinic seid 
within the body of the chick is as low as it is on purified rations. 


SUMMARY 


Ll. The voung chick, when ted purified rations, requires a dietary source 
of nicotinic acid tor the prevention ot chick blacktongue and tor optimal 
growth. Other deficiency svmptoms are a decreased tood CONSUMption, 
a marked lowering of the nicotinic acid and coenzyme | content ot breast 
muscle, poor teather development, and occasionally perosis or sealy der- 
miatitis. 

2. Chicks receiving the basal ration svnthesized about one-sixth of their 
total nicotimie acid: requirement. 

3. Several esters of micotinic acid were tound to have partial nicotinic 
acid activity which varied with the length of the carbon side chain. 
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OBSERVATIONS ON THRE METABOLISME OF ACETOIN 


By W. W. WESTERFELD ann ROBERT L. BERG 
(From the Department of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, Mareh 20, 1943) 


The occurrence of an enzyme in mammalian tissues which converts 
pyruvate to acetoin (1) is presumptive evidence that acetoin is a normal 
intermediate in carbohydrate metabolism. Its normal occurrence in blood 
(2,3) and urine (4, 5) supports this view. Indirect evidence has further 
indicated that acetoin may also be an intermediate in the metabolism of 
ethyl alcohol (6). These considerations made it desirable to study various 
metabolic relationships of acetoin in the intact animal. 

Acetoin has not been studied extensively in animals. Neuberg and 
Gottschalk (7) observed that only a small amount of the acetoin adminis- 
tered to rabbits was excreted unchanged, and Greenberg (8) has recently 
measured its rate of disappearance from the blood of dogs. An extensive 
literature on acetoin has appeared in connection with bacterial metabolism 
(9, 10), and on the existence of acetoin-forming enzymes in yeasts, molds, 
plants, and other tissues (1, 11-13). It has attained some importance in 
butter and bread manufacture, in which the desirable flavor and aroma are 
in part due to acetoin and biacetyl. 

The results of the present study have shown that acetoin is innocuous 
in moderate doses, but when given in verv large amounts to rats, it causes 
unconsciousness and death. When given to a dog, it is excreted in part as 
2,.3-butvlene glycol; the major part of a given dose disappears, and is 
presumably further metabolized. It is not converted to liver glycogen. 


EXPERIMENTAL 
rinary Excretion 


All of the excretion studies were carried out on a 22 kilo male dog. 
Acetoin and 2,3-butvlene glycol were given either orally in a 3 to 4 per 
cent solution or subcutaneously in a 20 per cent solution, and multiple 
doses were spaced equally throughout each day of administration. The 
urine was collected under toluene from the beginning of the administration 
period until about 40 hours after the last administration, and was kept at 
4° during the few days required to complete the collection and the analyses. 

The acetoin was obtained! as the polymer (14, 15), which apparently 


' The acetoin and 2,3-butvlene glycol used in these studies were obtained from the 
Lucidol Corporation, Buffalo. 
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reverts to an optically inactive monomolecular form in aqueous solution 
(15, 16). During a 2 month period, the dog received a total of 78 gm. of 
acetoin, 32 gm. of 2,3-butylene glycol, and 24 gm. of biacetyl without show- 
ing any symptoms or pathological effects. 

2 ,3-Butylene glycol was determined in the urine by the periodate oxida- 
tion method of Brockman and Werkman (17), except that the acetaldehyde 
so produced was trapped in bisulfite and determined by the usual iodometrie 
procedure (18); each cc. of 0.1 N iodine was equivalent to 2.25 mg. of 2,3- 
butylene glycol. A blank was similarly determined by omitting the per- 
iodate from the reaction mixture. Bound or conjugated glycol was de- 
termined by difference after a sample of the urine had been hydrolyzed by 
refluxing | hour with one-tenth its volume of concentrated HCl. Controls 
showed (a) complete recovery from urine of added glycol, (b) stability of 
glycol to the hydrolysis procedure, (c) non-interference by biacet vl, and (d) 
a quantitative splitting of acetoin by periodate which yielded | mole of 
acetaldehyde for each mole of acetoin; the glycol values were corrected 
for the acetoin present after the latter had been determined by the Le- 
moigne-Van Niel procedure as described by Stahly and Werkman (19), 
In this latter method, the ferric chloride oxidation could not be carried out 
directly on the urine, but good recoveries of added acetoin could be ob- 
tained by a preliminary distillation of the acetoin from the urine. 

All of the experimental urines contained no detectable amount of biacety! 
when tested by direct distillation into the hvdroxvlamine reagent. Al- 
though this method gave variable and inadequate recoveries of biacety! 
added to urine, the results were significant in uidicating the exeretion of 
negligible amounts of biacetv]. This was confirmed by the Voges-Pros- 
kauer reaction (20) carried out on serial dilutions of the urine. 


Results 


The urine normally excreted by the dog without acetoin administration 
contained 3.3 mg. of 2,3-butvlene glycol per 100 cc. (averaging 13 mg. per 
24 hours); the amounts of acetoin and biacety! present were too small to be 
detected by the methods employed. The results obtained after adminis- 
tration of acetoin and 2,3-butvlene glveol are summarized in ‘Table I. 

Acetoin given either subcutaneously or orally was not excreted to any 
appreciable extent in the urine; the major excretion product was 2,3- 
butylene glycol. The percentage of the dose excreted as the glycol varied 
from 5 to 25 per cent, and roughly paralleled the rate of ‘‘flooding’’ the 
animal. The major part of the acetoin was further metabolized. The 
equilibrium in the body between acetoin and the glycol seems to be greatly 
in favor of the glycol (2). The increased urinary glycol obtained after 
acid hydrolysis was small (3.5 to 8.5 per cent of that excreted, or about 1.3 
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per cent of the dose given), indicating little conjugation; it should be 
noted, however, that the glycol determination involved a distillation from 
strong sodium carbonate, which might have split any conjugated products 
in the non-hydrolyzed urine. 

The glycol excreted after acetoin administration was identified as the 
phenylurethrane. 200 ce. of urine were hydrolyzed, saturated with NaCl, 
and extracted with ether. The dried ether-soluble residue was boiled 
with phenyl isocyanate, and the phenylurethane was crystallized several 
times from hot benzene to give white needles, m.p. 189-191°; the mixed 
melting point with the phenyvlurethane of 2,3-butylene glycol (m.p. 192- 
193°) was 190 193°. The glveol was further established by oxidation with 


TABLE | 
Urinary Excretion after Administration of Acetoin and 2,3-Butylene Glycol 


Total urinary excretion 


stration tered Acetoin Butylene glycol 
glycol after hy- 
drolysis 

em. gm. gm. gm. 
Acetoin Subcutaneous 3 15 26.1 0.095 4.446 4.5866 
] 26.46 0.093 6.542 6.3838 
: 3 10 9.8 0) 0.475 0.492 
Oral 2 ) 15.75 0.019 2.454 | 2.564 
2.3-Butylene glycol Subcutaneous 2 16.0 0.012 1.882 1.950 
Oral 2 s 16.0 0 2.005 2.236 


bromine to acetoin (4), and the acetaldehyde produced in the glycol deter- 
mination was also identified as the 2,4-dinitrophenvlhydrazone derivative. 

Administration of the glyeol gave no biacetyl and little or no acetoin 
in the urine; 12 to 14 per cent of the dose was excreted unchanged, except 
that 3.5 to LO per cent of the excreted glycol was conjugated. The major 
part of the glycol was thus metabolized to some form other than these 
related compounds. The completeness of excretion during the 40 hours 
following the last dose administered was checked by collecting the next 
24 hour urine sample. This contained the normal amount of 2,3-butylene 


glycol. 


Laver Glycogen Formation 


Studies (21, 22) have shown that the compounds produced as intermedi- 
ates in the breakdown of glycogen to pyruvic acid can be reconverted to 
liver glycogen in the intact animal. It is possible that pyruvie acid is 
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a pivotal point in this process in the sense that decarboxylation leads to 
products no longer capable of reconversion to liver glycogen. There is no 
evidence that acetaldehyde is normally produced from pyruvate in animal 
tissues, and it is improbable that acetaldehyde can be converted to liver 
glycogen. It does not give rise to glucose in phlorhizinized dogs (23), 
and the metabolically related ethyl aleohol (24, 25) and acetie acid (26) 
do not give rise to liver glycogen in fasted animals. The present study 
shows that acetoin likewise is not converted to liver glycogen. 


Methods 


Liver glycogen was determined by the method of Good, Kramer, and 
Somogyi (27), except that hydrolvsis was carried out in 5 N HeSO, (28): 
sugar was estimated by the method of Folin and Wu (29). In all the experi- 
ments, the rats were fasted 24 hours, and the acetoin then fed by stomach 
tube. In the 23 hour experiment, a single dose of 150 mg. of acetoin 
(in 1 cc. of water) per 100 gm. of body weight was fed at the start of the 
experiment, and the livers analvzed at the end of 23 hours. In the 6 
hour experiment, 200 mg. of acetoin were fed to each rat everv 2 hours 
(three feedings), and the livers were analyzed 6 hours after the initial feed- 
ing. Inthe 12 hour experiment, 200 mg. of acetoin were fed each rat at 23 
hour intervals (total of five feedings), and the livers analyzed 12 hours after 
the initial feeding. In all cases the livers were removed under amytal 
anesthesia. 

The fasted controls were run simultaneously with the 25° hour acetoin 
experiment, the controls receiving an equal volume of water by stomach 
tube. With all of the acetoin experiments, a lactate control was run 
simultaneously and identically except that lactate was fed instead. of 
acetoin. 


Results 


The results (Table II) were unequivocally negative. In all cases, the 
liver glycogen was so low that none could have been formed from the 
acetoin. The rehability of the methods was established by the lactate 
controls, in which marked increases of liver glvcogen were always obtained. 
Failure of glycogen deposition was not due to failure of absorption of the 
acetoin, since its presence was demonstrated in the blood of rats following 
oral feeding, and the glycol was found in the urine of dogs after acetoin 
feeding. 


Toxicity 


The subcutaneous injection of 2 gm. of acetoin in 150 gm. rats resulted 
in death in about 6 hours. After an initial unsteadiness and crouching, 
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the animal fell on its side, with its cvanotic limbs retracted beneath the 
body in a spastic paralysis. The respiratory movements became irregular, 
convulsive, and finally stopped, while the heart continued to beat for about 
| minute. When the injection of 2 gm. of acetoin was made intraperi- 
toneally, the same response developed rapidly, and the animal died within 
10 minutes. 

| gm. doses of acetoin given either subcutaneously or intraperitoneally 
were followed by a similar response except that the respiratory irregular- 
ities were brief, and the animals recovered. 0.5 gm. of acetoin injected 
subcutaneously caused the first paralytic symptoms, followed by rapid 


TABLE II 
Liver Glycogen in Rats Following Acetoin Feeding 


Acetoin feeding 
fasted controls 


24 hr. experiment © hr. experiment 12 hr. experiment 

Rat Liver Rat Liver | Rat Liver | Rat Liver Cent 
weight weight weight weight weight | weight glycogen | weight weight 

em. om om. gm. sm. em. 

166 O.14 142 5.95 0.01 165 5.90 | 0.09 194 6.30 0.02 

154 5.94 0.02 190 6.30 0.04 190) 7.12 

147. 5.42 0.02. 185 7.70 0.02 192 | 7.38; 0.06 | 194 | 6.61 | 0.03 

174 7.49 0.04 (7.52 0.03, 172 6.43 0.06 | 209 7.04 0.06 

175 | 0.12 173 0.03 171 0.04 154 6.30 0.04 

194 7.52 0.02 6.51 0.03 145 6.08 0.11 

0.05 193, 7.39 | 0.01 

Iss 5.88 | 0.09 
Averages. 0.06 0.03 0.06 0.06 


Lactate controls 


233 190 | 6.89 2.19 194 | 7.80; 2.20 


5.76 


] 
' 


~ 


recovery. 0.5 gm. of acetoin injected intraperitoneally or 0.25 gm. sub- 
eutaneously had no demonstrable effect. 

Acetoin is much less toxie than acetaldehyde (30). 500 mg. per kilo 
of acetaldehyde injected intraperitoneally into rats caused a fatal respira- 
tory paralysis, while 13 times this amount of acetoin was not lethal. 


SUMMARY 


The oral or subcutaneous administration of acetoin to a dog was followed 
by the urinary excretion of from 5 to 25 per cent of the doses as 2 ,3-butylene 
glycol; only small amounts of acetoin were excreted and no biacetyl. 12 
to 14 per cent of administered glycol was excreted unchanged. 
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Administration of acetoin did not result in an increase in liver glycogen 
in fasted rats. | 

2 gm. of acetoin administered subcutaneously or intraperitoneally to 
150 gm. rats were fatal. Animals recovered from the effects produced by 
1 gm. of acetoin, and no effects were observed from the administration of 
0.5 gm. intraperitoneally or 0.25 gm. subcutaneously. 
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THE QUANTITATIVE DETERMINATION OF ATABRINE* IN 
BLOOD AND URINE 


By JOHN M. MASENT 


(From the Division of Chemistry and Physics, Army Medical School, Washington) 
(Received for publication, February 23, 1943) 


Although several methods for the determination of atabrine in blood 
have been published (1-3), there is a paucity of literature dealing with 
the relationship between blood concentrations of atabrine and its thera- 
peutic effectiveness. Most of the published methods are based upon the 
extraction of the drug from the blood with an immiscible solvent and the 
comparison of the vellow color of the extracted atabrine with a series of 
standard solutions containing varying amounts of the atabrine, or upon 
reading the absorption ina photometer, such as the Pulfrich, which has been 
calibrated with atabrine standards. While with such methods it is possible 
to study the blood concentrations in animals which have been given very large 
dosages or in humans in which temporarily high concentrations may be at- 
tained by intravenous injection, it is seldom possible in this manner to 
measure, with sufficient accuracy, the concentration attained in the blood 
of an individual on the usual therapeutic dosage. Indeed the concentra- 
tion attained in the blood may be so low that no color is discernible, nor 
‘an a reading be obtained with the most sensitive photometer. A more 
sensitive method is that of Gentzkow (4), in which the turbidity of atabrine 
produced by the addition of Tanret’s reagent is measured in a photoelectric 
turbidimeter. But even with this method a considerable number of 
patients under treatment with the drug will fail to show any of it in the 
blood. 

Gentzkow and Callender (5) found the relapse rate for vivar malaria in 
white American soldiers stationed in Panama and treated with atabrine 
alone to be 40 per cent. In the Federated Malay States Johnson (6) 
found the relapse rate in Europeans to be about 43 per cent and for Asiaties 
between 5 and 10 per cent when atabrine was used as the sole drug in the 
treatment of malaria. ‘The differences in effect of the drug on malaria 
in different individuals have been chiefly ascribed to such factors as differ- 
ences In the strain of parasites and the immunity and resistance of the 
infected individual; but it does not seem to the author that the variations 
in coneentration which the drug may attain in the body have been properly 


*Quinacrine hydrochloride has been adopted as the official U.S.P. XIL name for 
this preparation. The term atabrine. however, will be used in this paper to des- 
ignate this product, because this name is more commonly used. 

t Captain, Sanitary Corps, United States Army. 
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stressed, owing perhaps to the fact that an adequate study of this factor 
has not been made because of the lack of a sufficiently simple and accurate 
method. It would seem that with the same dosage of a given drug there 
must be large individual differences in the concentration attained in the 
body, and this has been found to be the case in all drug treatments for 
which accurate simple methods of analysis exist, as for instance the 
sulfonamides. 

The method to be deseribed is sufficiently accurate and simple enough 
to enable a large scale study of the effeet of blood concentration of atabrine 
on the treatment of malaria to be made. A single analvst, in the course of 
an 8 hour working day, may perform from 50 to 60 analyses. The method, 
which is based upon measuring the fluorescence of the atabrine in a photo- 
electric fluorometer, is highly sensitive; as little as 0.1 mg. per liter of 
blood may be measured with an accuracy of 5 to 10 per cent when 5 ee. 
of the blood are used. For larger amounts the accuracy is eorrespond- 
ingly increased, the average error being about 2 per cent. 

The principal difficulty in the application of this method has been the 
separation of the fluorescent material normally present in the blood from 
the atabrine fluorescence and the prevention of emulsion formation when 
the atabrine is extracted from the blood by shaking with immiscible sol- 
vents. A combination of solvents tor the extraction of atabrine trom 
the blood has been devised which overcomes these difficulties in a simple 
manner, In addition, the use of small separatory funnels, such as are used 
in the determination of thiamine by the thiochrome method (7), was tound 
to be of advantage, as these funnels fit in the 50 ce. trunnion eups of the 
ordinary centrituge, so that a more complete separation of the various 
solvent phases can be obtained by centrifuging, the number of extractions 
required for quantitative recovery of the drug being reduced. 

By this method it was possible to recover 97 per cent of the amount of 
atabrine added to blood in comparison to the same amount added to dis- 
tilled water and carried through the same extraction procedure as the blood, 
Any error that may occur as a result of loss in the extraction procedure 
is eliminated by adding a known amount of atabrine to one of the bloods 
to be analyzed and basing the calculation in the unknown sample upon the 
amount recovered in the sample to which the atabrine has been added. — It 
has been found, by experiment (see Fig. 1), that the percentage of recovery 
of added atabrine is the same for all concentrations for which the method 
has been applied. 


Method 


Apparatus and Reagents 
1. 4 ~ sodium hydroxide solution. 
2. Petroleum ether (benzine), b.p. 30-657, redistilled. 
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3. Isopropyl alcohol-isobutyl alcohol mixture, equal parts of each. 
Both alcohols are purified by redistillation. 

4.0.3 ~ sodium hydroxide solution. 

5. Isopropyl aleohol in 0.1 N HCl. Measure 300 ce. of redistilled iso- 
propyl alcohol into a 1 liter volumetric flask. Add 100 ec. of 1 N HCl and 
dilute to the mark with distilled water. 

6. Borate-NaOH buffer solution. Dissolve 4 gm. of sodium borate in 
100 ce. of 1.85 \ sodium hydroxide solution. Filter until clear. 

7. Standard atabrine solutions. (a) Stock standard solution. Pre- 
pare by dissolving 63.6 mg. of atabrine hydrochloride (C23H30eCIN30- 
PHCL- 21120) in 1000 ce. of distilled water. This solution if placed in a 
dark bottle in the refrigerator will keep for several months. (b) Working 
standard atabrine solution. Dilute 5 ce. of the above stock solution to 
100 ce. with distilled water. This weak solution deteriorates rapidly, and 
should be freshly prepared each dav. | ce. equals 0.0025 mg. of atabrine 
hase 

&. Photoelectric fluorometer. Any of the fluorometers having sufficient 
sensitivity for the determination of thiamine or riboflavin in biological 
fluids may be used. The instrument used in this work was the one manu- 
factured by the Coleman Electric Company, Inc., and the technique to be 
described will apply to this instrument. The filters used with this instru- 
ment were us follows: between the lamp and the sample, the regular 
Corex glass supphed with the instrument with the metal intensity reducer 
removed; between the phototube and the sample, the blue glass filter 
regularly furnished with this instrument for the determination of thiamine 
by the thiochrome method plus Corning vellow glass filter, No. 338, 2 mm. 
thick. 

Q. Extraction vessel, This is a small separatory funnel of about 25 ce. 
capacity, such as is used in the determination of thiamine (7). No special 
trunnion carriers are required if it is desired to centrifuge the specimens, 
since these vessels fit in the regular 50 ce. metal cups that are routine 
equipment with most centrifuges. These funnels may be obtained from 
Ke. Machlett, New York, or the Scientifie Glass Apparatus Company, 
Bloomfield, New Jersey. 

Technique Ti but one determination is to be made, collect about 12 ce. 
of blood into a flask contaming 1.5 to 2.0 mg. of potassium or lithium 
oxalate perce. ot blood. Tt more than one determination is to be made, 
12 ¢¢, of blood are collected from one of the patients and about 6 ce. from 
each ot the others. 

Into the extraction vessels described above, with a vessel for cach sample 
to be analyzed, pipette 3 ce. of dN NaOH and 8 ec. of the isopropyl-iso- 
butvl alcohol mixture. Add | ec. of water and 7 ee. of petroleum ether. 
Then add 5 ee. of blood to cach, stopper, and immediately mix by inversion 
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several times. At the same time prepare a standard vessel in the same 
manner as above except that I cc. of the standard atabrine solution is 
added in piace of the 1 ce. of water. Add to this standard vessel 5 cc. of 
the blood taken from the 12 ce. sample as obtained from one subject. 
All vessels are then shaken vigorously, either by hand or in a mechanical 
shaker for 5 minutes. In this work a mechanical shaker capable of hand- 
ling eight vessels at once was used. From this alkaline solution of the 
blood, the atabrine passed into the upper, immiscible ether-alcohol layer. 

After shaking, allow the vessels to stand for 5 minutes to allow separa- 
tion of the layers; then draw off the lower blood layer as completely as 
possible and diseard. Whirl the flask to detach particles of protein ad- 
hering to the walls of the vessel, and then centrifuge 5 minutes at about 
1000 R.p.M. The additional small amount of blood layer that gathers in 
the bottom of the vessel as the result of centrifuging is then drawn off and 
discarded. Add to each vessel 10 cc. of 0.8 N NaOH, stopper, and shake 
vigorously for 1 minute. Allow to stand until the lower, alkaline aqueous 
layer has separated (about 1 to 2 minutes); then draw off this lower laver 
and discard. Recentrifuge for 5 minutes at 1000 R.P.M. and discard the 
remaining small amount of aqueous alkaline laver that gathers in the 
bottom of the vessel. To each vessel now add 10 ec. of the 30 per cent 
isopropyl! alcohol solution in 0.1 ~ HCl, stopper, and shake vigorously for 
| minute. The atabrine now passes from the upper ether-aleohol layer 
to the lower, aqueous acid alcohol laver. Again centrifuge at 1000 
for 5 minutes in order to produce better separation of the lavers, 

Draw off an aliquot of this lower laver containing the atabrine, a tew 
drops of which are first allowed to wash out the capillary of the vessel's 
stop-cock. The amount of the aliquot withdrawn will depend upon the 
amount of the fluid required by the fluorometer cuvettes in order to obtain 
a reading. Although 10 ce. of the acid aleohol were added, the volume of 
the lower laver will only measure about 9 ec., since some of the isopropyl 
alcohol passes into the upper ether-alcohol laver. If the cuvettes of the 
fluorometer require a larger amount of fluid than this, a greater volume of 
acid alcohol solution should be used for the extraction of the atabrine. 
The cuvettes used in this work were specially selected test-tubes, requiring 
a minimum of 8 cc. of fluid in order to obtain a reading with the fluorom- 
eter. These test-tubes were therefore graduated at S ce., and the acid 
alcohol layer was allowed to flow from the extraction vessel to this 
graduation. <A blank is prepared by adding 8 ce. of the isopropyl aleohol- 
acid solution to another cuvette. The contents of the cuvettes are now 
alkalinized by adding to each 1 ec. of the NaOQH-borate buffer solution 
and mixed by vigorous shaking. 

Measurement of Fluorescence— The fluorometer having been previously 
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turned on, and a stable operating condition reached, the cuvette containing ~ 


the blank solution is inserted, and, if a means is available for setting the 
instrument to read zero, this setting is made; otherwise the reading of the 
blank is noted. The instrument used in this work possessed a control 
which made it possible to adjust the blank reading to zero; all readings were 
made with the blank so adjusted. The sample to which the standard ata- 
brine was added is now inserted, and by means of the variable sensitivity 
control which most of these instruments possess, the meter of the instru- 
ment, if graduated to read from zero to 100, is now adjusted to read between 
75and 100. The readings of the unknown samples are then taken as rapidly 
as possible. After each unknown is read, the standard sample is returned 
to the instrument and the reading checked to see that no change from the 
initial setting has occurred. Should this reading vary from the initial 


02 03 04 O5 O06 O7 O08 1.0 


hig. 1. Relationship between atabrine concentrations measured in mg. per 
liter (abscissa) and fluorometer readings (ordinate). 


setting, the instrument is reset by means of the sensitivity control and the 
unknown reread. 

Calculation The caleulation is based upon the premise that the reading 
of the fluorometer is directly proportional to the concentration of the 
atabrine fluorescence within the limits of concentration for which the 
method has been devised. That this is true is shown by Fig. 1. Within 
the limits of the experimental error of the method a straight line relation- 
ship exists between the readings of the fluorometer and the concentration 
of the atabrine when the concentrations vary from 0.1 to 1.0 mg. per liter 
of blood, when 5 ce. of the blood are used for the analyses. The maximum 
deviation from this straight line relationship is equal to about one division of 
the fluorometer, which represents the limit of accuracy to which this instru- 
ment can be adjusted. For concentrations higher than 1 to 1.5 mg. per 
liter it is recommended that the sample be diluted with the 30 per cent 
isopropyl alcohol in 0.1 N HCl, 8 ce. of which have been neutralized with 1 
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ec. of the borate-NaOH buffer. The proportionality of readings may hold 
for concentrations higher than 1.0 mg. per liter, but with this particular 
instrument this concentration gave close to the maximum reading of 100 
with the minimum sensitivity setting, and therefore could not be read with- 
out dilution of the sample first. 

The following example will serve to illustrate the formula used: reading 
of blood to which atabrine was added, 75; reading of blood from same sub- 
ject, no atabrine added, 25; reading due to the added atabrine alone, 50. 
Therefore 50 seale divisions of the instrument are equal to 0.0025 mg. of 
atabrine, which was the amount added to the blood, and twenty-five scale 
divisions, the reading of the sample without the atabrine, will equal 
one-half this amount or 0.00125 mg. of atabrine in 5 ce. of blood.  Multi- 
plying by 200 one obtains the concentration in mg. per liter of blood which 
in this case is 0.25. This caleulation may be expressed mathematically 
as follows: 


_ RU X CS X 200 


CU 
RS 


= mg. atabrine per liter blood 
(CU represents the concentration of the unknown in mg. per liter; /?07, the 
reading of the blood sample, with no atabrine added; RS, the reading of 
the blood with added atabrine minus the reading of the same blood without 
added atabrine; and CS, the concentration of the standard, the amount, in 
mg., of atabrine added to the blood. 

Since 5 ee. of blood are used in the analysis, the factor 200 Is used to con- 
vert the values to mg. per liter. 

If the sample is diluted prior to obtaining the readings, the value ob- 
tained by the above formula is multiplied by this dilution. 


DISCUSSION 


The combination of solvents used in the extraction process was selected 
after numerous trials with a large number of individual solvents as well as 
many different mixtures. The combination used in this method was the 
only one with which satisfactory recovery of added atabrine could be 
obtained without producing emulsification on shaking with the blood. 
Without the isopropyl alcohol, hopeless emulsions occurred, while omission 
of the isobutyl aleohol, although no emulsions formed, gave low recovery 
values. The petroleum ether, while not a particularly eficient solvent for 
atabrine, was necessary to prevent the formation of emulsions, and, im com- 
bination with the isobutyl alcohol, is a satisfactory solvent. To extract the 
atabrine from the ether-aleohol phase a solution of 30: per cent isopropyv! 
alcohol in 0.1 N HCl was used rather than the aqueous HCl alone, as it was 
found that unless some isopropyl alcohol was present, turbidity formed in a 
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certain number of specimens and this interfered with the measurement of 
the fluorescence. By the use of isopropyl alcohol crystal-clear solutions 
were always obtained. 

A considerable number of blood and urine samples from subjects, normal 
and abnormal, not under treatment with atabrine were analyzed for the 
presence of interfering fluorescence. In no case was a reading on the 
fluorometer obtained which was greater than that given by the reagents; 
see Table T. 


I 
Recovery of Added Atabrine from Blood 

5 ee. of blood were used in the analyses and the results obtained were calculated 
against the reading of a standard atabrine solution in 5 ec. of distilled water which 
was carried through the same extraction process as the blood. 5 ce. of this standard 
contained 0.005 mg. of atabrine base equal to a concentration of 1.0 mg. per liter. 
The fluorometer was adjusted to give a reading of 100 with the standard solution; 
the reading was zero when no atabrine was added. 


Amount of atabrine Reading of blood 


Specimen add ce. i recovery 
Blood Normal 0.005 | 97 97 
0.0025 | 419 QS 
Jaundice 0.005 Q5 
0.005 | 99 99 
Diabetes 0 OO125 | 24 6 
Lipid nephrosis 0.005 06 
Urine Normal 0.005 QY 
0.005 100 100 
0.0025 50 100 
Jaundice 0). OOO5 1] 110 
Nephritis 0.00125 26 104 


It is advisable to subject a blank of 5 ec. of distilled water to the same 
extraction procedure as that used for the blood in order to obtain the total 
extractable blank fluorescence of all reagents used in this method. If it is 
found that after this procedure the reading of the blank is no greater than 
that obtained from the neutralized isopropyl alcohol-E{CL solution alone, 
then the extraction of a separate blank may be dispensed with. Otherwise, 
for each series of determinations, it will be necessary to carry a blank of 5 
ec. of distilled water through the same procedure as that used for the blood. 
With reagents of the highest purity, and redistillation of all solvents, no 
blank fluorescence could be extracted and the determination of a separate 
blank could thus be eliminated. 
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Relation of pH to Fluorescence—It was found that the fluorescence of ata- 
brine in aqueous solution was markedly increased, about 9- to LO-fold (see 
Fig. 2), by changing the pH from acid to alkaline. The maximum fluores- 
cence occurred at a pH of about 12.5 and above pH 13 the fluorescence de- 
creased. The borate buffer solution was adjusted to give a pH of 12.5 and 
when added to the acid alcohol solution of atabrine the maximum variation 
from this value was 0.1. The addition of the alkaline buffer also gives a 
check on the specificity of the method for atabrine, since most other 
substances that fluoresce will show a decreased reading when rendered 
alkaline. If the reading of the instrument is taken before and after the 


| 

@) 

| 

| 

3 

x 

4 

= 

| 

| 

| 
| 
| 

1.5 5,0 45 6.0 25 9.0 10,5 12.0 13.013.5 


Fie. 2. Effect of pH on the fluorescence of atabrine 


addition of the alkaline buffer, a decrease in the readings will indicate the 
presence of some other fluorescent material, quinine, tor instance. If the 
addition of the alkaline buffer increases the reading over that obtained in the 
acid solution, but the increased reading is less than 9- to 10-fold, this indi- 
cates the presence of atabrine plus some other contaminating fluorescence. 
In the case of urine results were obtained, following cessation of administra- 
tion of atabrine, indicating that the atabrine which was being excreted was 
associated with a breakdown product which interfered with the atabrine 
fluorescence and gave erroneous results. This will be discussed more fully 
below. 

Application of Method to Plasma and Urine “The method may be used 
without modification for the determination of the atabrine concentration 


in 
pl 
pa 
tr 
fr 
| tl 
ti 
ne 
a 
| he 
1] 
1 
ph 
| 
| 
| 
| ! 
| 
| 


J. M. MASEN 537 


jn plasma and urine. However, it is not necessary to use a sample of the 
plasma or urine to which atabrine has been added as a standard for com- 
parison. Instead a standard of 5 cc. in distilled water containing a concen- 
tration of 1 mg. per liter is used, as there is no loss of recovery of atabrine 
from plasma or urine as compared to distilled water. This standard is put 
through the same extraction procedure as the plasma or urine. Because of 
the much higher concentration of atabrine in the urine it is usually necessary 
to make a dilution before the fluorometer is read. The degree of dilution 
necessary can usually be judged by the intensity of the yellow color of the 
acid alcohol extract. This dilution is made with the 30 per cent isopropyl 
alcohol in 0.1 N HCl solution. 8 ce. are then neutralized with 1 ec. of the 
borate-NaQOH buffer and the reading in the fluorometer obtained in the 
usual way. 


Results 


In Table II the blood and urine concentrations of a normal individual 
receiving 0.3 gm. of atabrine daily in three equal doses of 0.1 gm. each for a 
period of 5 days are recorded. This is the dosage that is ordinarily used in 
the routine treatment of malaria with this drug. Of particular interest is 
the low concentration attained in the blood on this dosage, the maximum 
value being only 0.15 mg. per liter. Of equal importance is the fact that 
the concentration remained close to the maximum for about a week follow- 
ing discontinuance of the drug. Whether such a low concentration can 
have any effect on the malarial parasite cannot at present be stated. 

Whenever the concentration of the atabrine in the blood was above 0.1 
mg. per liter, the identity of the fluorescent material was proved to be 
aitabrine only, by comparing the readings obtained before and after the 
addition of the alkaline buffer solution. An increase of 9- to 10-fold was 
considered specific for atabrine and this ratio was always obtained with the 
blood. With concentrations below 0.1 mg. per liter the error in reading the 
instrument was too large to obtain a sufficiently accurate ratio to prove the 
identity of the fluorescent material. 

In the case of urine, during the period that the atabrine was being ad- 
ministered, and tor about 2 weeks following its stoppage, the ratio of the 
fluorescence in alkaline solution to that in the acid solution was the same as 
that of pure atabrine, indicating the absence of any interfering substance. 
However, during the 3rd week the ratio began to change and about 4 weeks 
after the last dose of atabrine the ratio had changed from between 9 and 
10 to 1 to about 5 to 1, indicating that in addition to atabrine some other 
substance, also fluorescent, is being excreted. This substance is un- 
doubtedly a decomposition product of atabrine, since prior to administra- 
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tion of the atabrine several determinations were made on the urine of this 
subject and no other fluorescent material could be extracted. Further 
work is being done on the isolation and identification of this substance. 


TABLE II 


Concentration of Atabrine in Blood and Urine of Normal Subject Receiving 0.3 Gm. 
of Atabrine Daily for 5 Days 


are Concen Concentra- 
Date | | | collection | tational | | 
atabrine of blood of urine 
gm. | me. perl ms. per i, 
Dec. 16 a.m. 0.1 | lOam. O 10 a.m, 0.0) 
| p.m. | 0.) | 2p.m. () | 2pm. | 
ee 8 a.m | 0.1 | 10am. | 0 | Wam. | 1.20 
p.m | 0.1 p.m. 0.03 Z2p.m. | 2.10 
0.1 
S a.m. 1 a.m. 0.05 | 2.80 
| p.m. | 2 p.m. zp.m. | 3.00 
| 
pom. O.] 2 pom 7 
Atabrine discontinued 2 pom, 
2 O18 2 6 O00 
2h 2 6.00 
gan. 2 0.07 5. 
2 O05 0. 6S* 


* These values are probably too high for atabrine. By measuring the ratio of 
the fluorescent material from the urine in alkaline and acid solution, the ratio ob- 
tained was lower than that for pure atabrine. This indicates the excretion of some 
decomposition product of the atabrine. 


SUMMARY 


A fairly simple and accurate method, based upon fluorescence measure- 
ment, for the quantitative estimation of atabrine in blood and urine has 


been described. 
With this method, as little as 0.1 mg. of atabrine per liter of blood can 
be accurately measured on a 5 ec. sample. 
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The probable identity with atabrine of the fluorescent material measured 
ean be tested by comparing fluorometer readings from solutions at pH 6 
with readings from solutions at pH 12. Atabrine shows 9 times as much 
fluorescence at pH 12 as at pH 6. Application of this test to human urine 
passed during 26 days after discontinuance of atabrine administration 
showed the 9:1 ratio for some days, but a lower ratio later, indicating 
probably decomposition products of atabrine. 

It is proposed that the blood concentrations of a large series of patients un- 
dergoing treatment for malaria with atabrine can be studied by this method 
in order to determine whether any relationship exists between the concen- 
tration of the drug in the blood and the therapeutic results obtained. 
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MICRO GASOMETRIC. ESTIMATION OF THE BLOOD GASES 
OXYGEN 


By F. J. W. ROUGHTON 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


AND P. F. SCHOLANDER 


(From the Edward Martin Biological Laboratory, Swarthmore College, Swarthmore) 
(Received for publication, February 26, 1943) 


In a recent paper (Scholander and Roughton (1)) we bave deseribed a 
simple micro gasometriec technique for estimating carbon monoxide in a 
drop of blood. In this method 40 e.mm. of blood are mixed in a 1 ce. 
syringe with ferricvanide containing potassium bicarbonate and saponin, 
and an acetate buffer is then added. The COs which is evolved on shaking 
provides a gas phase for the extraction of the other gases of the blood and 
reagents; 7.¢., Oo, CO, and No. After the extraction is complete, the CO. and 
extracted Os are absorbed by alkaline pyrogallol and the small bubble which 
remains is measured in a graduated capillary attached to the nozzle of the 
svringe. The CO is absorbed by Winkler’s solution and the gas bubble 
measured again. From the difference between the two readings the CO 
content of the blood is ealeulated. 

In the present series of papers we have extended the micromethod to the 
estimation of the other blood gases, and have revised the original carbon 
monoxide method. With the improvements now made, the instrument has 
hecome as useful for accurate laboratory investigations as for work under 
field conditions. Since the technique varies somewhat from gas to gas, we 
have thought it best to describe the different procedures in separate papers. 
As the details of the Oc estimation show the most common and general 
features, we present them first in this paper. 


ENPERIMENTAL 


Apparatus —-The present instrument (Figs. 8 to 6) is essentially the same 
as that previously described (1). In its present form it consists of a L ce. 
Pyrex tuberculin svringe, with arresting clip on the plunger to prevent it 
from slipping, and with a standard bore precision 0.5 mm. Pyrex capillary 
fused to its nozzle. The top of the capillary is expanded to a evlindrical 
cup of about 2.5 mm. bore and 1.5 em. length. The eapillary (7 to 8 em. 
length) is graduated into 30 divisions, each of 2 mm. length. For some 
purposes a few extra divisions are desirable. The blood pipette is made 
from thin walled glass tubing (1 to 1.5 mm. bore) and it is ground smooth 
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at the tip so as to fit snugly into the bottom of the glass cup. The volume 
delivered from the mark to the tip is equal to 100 divisions of the capillary 
and is actually 39.3 ¢.mm. The capillary and pipettes can be simply and 
accurately calibrated by means of a micrometer burette (Scholander (2)). 
The pipettes and svringes as supplied by the present maker! are inter- 
ehangeable. A detachable rubber cup of about | ec. capacity is fitted to 
the top of the glass cup when required. 

Principle of Method—TVhe Oz, CO, and N» of the blood and reagents are 
extracted by excess of COs. The CO, is then absorbed with LO per cent 
NaOH. The residual gas bubble is driven into the capillary and its volume 
measured before and after absorption with alkaline pyrogallol. The 
difference in these two volumes represents the O, content of the blood and 
reagents. A blank is subtracted for the O. content of the reagents, and the 
remainder when multiplied by the usual correction factor for temperature 
and pressure gives the O. content of the blood. 

Reagents 

1. Distilled water. 

2. Caprvlic alcohol. 

3. Ferrievanide solution. 12.5 gm. of Kgke(CN 3 gm. of and 
0.5 gm. of saponin are dissolved in water and made up to 50 ce. The solu- 
tion should be renewed every 3 days; otherwise appreciable loss of COs may 
occur and various less well defined difficulties are met with. 

4. Acetate buffer. 7Ogm. of sodium acetate, NaCoH30.-3H.LO, are dis- 
solved in 100 gm. of water and 15 ec. of glacial acetic acid added. 

5. 45 per cent urea. This is used as a cleaning solution becatse of its 
protein-dissolving property. 

6. per cent 

7. Pyrogallol solution. 15 gm. of powdered pvrogallol are added to 100 
ec. of 20 per cent NaOH in a rubber-stoppered bottle and covered with a 
laver of oil 2 em. thick on top. The pvrogallol is dissolved under the oil 
by stirring with a glass rod. 

Reagents 2, 3, 4,5, and 7 are conveniently stored in 2 or 5 ce. svringes, 
and Reagent 6 in a 10 ec. svringe. The svringes have fine tipped, glass 
nozzles attached, and the rear parts of the plungers are well greased. The 
distilled water is placed in a bottle above the apparatus and is delivered 
through rubber tubing with a glass nozzle. 

Blood Samples Finger prick samples of blood mav be drawn directly 
into the pipette by Mook’s technique (3) (see also Scholander (4)). Larger 
samples of unsaturated blood can be dealt with anaerobically as follows: 
The plunger of an all-glass 2 or 5 ce. svringe ts lubricated with | or 2 drops 


1Mr. J.D. Graham, Department of Physiology, Sehool of Medicine, University of 
Pennsylvania, Philadelphia. 
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of paraffin oil. A little heparin solution is drawn into the syringe and the 
walls of the barrel moistened with the solution by drawing the plunger all 
the way down and pushing it up again, the dead space at the top and the 
nozzle being left full of heparin. ‘The solution is freed from air bubbles by 
rapid twisting of the svringe in the vertical position, the syringe being held 
hy the nozzle or needle, the plunger being arrested by aclip. This procedure 
centrifuges the bubbles to the center so that they can be easily expelled. 
The nozzle is attached to a needle and the blood vessel punctured. The 
air bubble from the needle is cautiously expelled, the needle removed, and 
the nozzle dipped into a dish containing mercury, a little of which is drawn 
into the svringe. The air bubble from the needle can be avoided by in- 


NA 


Fic. 1 2 


hia. 1. Anaerobie storage of blood samples. 
hig. 2. Transfer of blood from storage syringe to pipette. 


serting the needle into the blood vessel with another svringe, drawing the 
needle full of blood, and then exchanging the first svringe for the syringe 
containing heparin. A half inch length of rubber tube is joined to the 
nozzle, filled with the blood, and closed with a plug of glass rod without 
trapping an air bubble. The mercury is used for mixing the blood in the 
svringe, Which is immersed in a beaker of ice and water (Fig. 1). For high 
accuracy it may be necessary to correct the results for the slight dilution 
with the heparin solution, which can be determined by weighing. 

For transfer to the pipette the svringe is removed from the beaker, dried, 
the blood well mixed, and the fluid in the rubber tube pumped a few times 
into the main bulk of the blood by working the glass plug up and down. 
The plug and rubber tube are then removed, and the pipette, with the tip 
protruding about an inch over the edge of the bench, is held with its conical 
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tip pressed against the opening of the syringe nozzle (Fig. 2). [f difficulty 
is experienced in this step, the pipette tip may be covered with a rubber 
plug with a capillary bore. The pipette is then loaded by screwing in the 
plunger. The svringe is restoppered without trapping air and returned 
to the ice bath. 


Procedure 


1. The syringe is held vertically and any liquid in the cup of the svringe 
is withdrawn by vacuum suction. ‘The plunger is pushed up and the cup 
filled with ferricevanide solution. ‘The solution is drawn down to the bot- 
tom of the svringe and expelled through the cup and removed. ‘This proce- 


= 


Kia. 4 


Fig. 3. Transfer of blood from pipette directly to capillary. 
Fic. 4. Further details of the transfer of blood from the pipette to the capillary, 


dure is repeated twice with fresh lots of ferrievanide without trapping air 
bubbles. No grease or oil is used in the syringe. 

2. The glass cup is filled to the mark with ferrievanide anid the latter 
drawn down to the bottom of the cup. 

3. A drop of caprylie alcohol is deposited on the bottom of the cup. 

The pipette is filled with blood to the mark, wiped, and held at a 
slight angle to the horizontal, so that the blood does not run out when both 
ends of the pipette are open to the air. With the svringe at the same angle 
the pipette is cautiously introduced into the glass cup, and its tip pressed 
snugly but not too vigorously against the bottom of the cup (Fig. 3). 

5. By pulling out the plunger gradually the blood is slowly and evenly 
drawn down into the capillary, followed by a bubble of air of about 1 mm. 
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length (Fig. 4, A and B). If the tip is properly ground and the right 
amount of pressure applied, no appreciable amount of caprylic aleohol is 
drawn in during this step. ‘The bubble of air prevents any blood being 
sucked back into the tip when the pipette is removed. 

6. The pipette is quickly removed and the bubble of air (Fig. 4, C) is 
then expelled through the caprylic aleohol, with aid if necessary of a piece 
of fine wire or by tapping the capillary. 


kia. 5 Kia. 6 


hia. 5. Shaking of svringe and extraction of gas. 
hie. 6. Aand Bo svringe showing the technique for absorption of the CO, used for 
extraction; (, temperature equilibration of gas bubble in capillary before the reading 


is made. 


7. A trace of eaprviie alcohol, 7.e. about 2 divisions length of the capillary, 
is drawn down onto the top of the blood and the rest of the caprvle aleohol 
Is removed from the enp. 

S. The cup is filled to the mark with acetate buffer and the latter drawn 
down to the bottom of*the eup. 

9. The cup is then immediately filled.to the top with 45 per cent urea, 
and then closed firmly with the finger. 

10. The closed apparatus is vigorously shaken in the horizontal position, 
the plunger being gradually drawn out as the CO. and other gases are 
evolved, the gas pressure in the svringe being kept roughly atmospheric. 
The total volume evolved is usually about 0.75 ee. (Fig. 5). Shaking is 


continued for a total of 2 minutes. If the proper amount of CQO. is not 
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evolved, it may be necessary to adjust the strength of the bicarbonate in 
Reagent 3 accordingly. 

11. The finger is cautiously released, the svringe plunger beimg manipu- 
lated so as to keep the gas meniscus in the capillary. A small amount of 
urea is allowed to run down into the eapillaryv and left there until the walls 
are perfectly clean. 

12. Three-quarters of the urea solution in the glass cup is removed, and 
the rubber cup adjusted and filled with 10 per cent NaOH without trapping 
air bubbles (Fig. 6, .1). 

13. A litthe NaOH is drawn into the svringe. ‘Vhis absorbs some COs, 
‘ausing a partial vacuum which quickly sucks in more NaQOt until only a 
small bubble consisting of Qo, Ne, and CO Gt any was orginally present in 
the blood) is left at the top of the svringe (Fig. 6, 8). The absorption takes 
a few seconds and just before it is complete the residual bubble is screwed 
slowly and carefully up into the capillary by manipulation of the plunger. 

14. The rubber cup is removed and the glass cup emptied. 

15. The capillary is placed for > minute in a beaker of water at room 
temperature (Fig. 6, C). 

16. It is then removed, dried by light wiping, care being taken that the 
capillary is not handled, and the volume of the bubble read, Vy divisions. 

I7. The glass cup is then filled with pvrogallol solution and the Ov, of 
the bubble is absorbed by pulling the gas bubble down to the bottom: of the 
capillary and back again a few times. Finally the bubble is moved verv 
slowly up into the top part of the capillary and atter a further temperature 
equilibration its volume is read again, Vs divisions. Tf Vs. is only a few 
divisions, the second temperature equilibration can be omitted. 

IS. The blank is obtained by a similar experiment without any blood 
added. 

19. To wash the instrument, the plunger is pulled out under a stream of 
running water and the blood mixture poured out. The svringe is filled and 
emptied several times with water before the plunger is restored. The 
plunger should never be forced inwards if there is a resistance due to 
precipitates inside it. Occasionally the whole svringe should be rinsed 
with dichromate cleaning solution. 

The time taken by the complete estimation averages about S minutes, 

In the measurement of the bubbles it is essential to move them verv 
slowly and evenly, so as to assure good drainage and to match the conditions 
under which the capillary and pipette were calibrated by the micrometer 
burette technique. These delicate adjustments are readily made by ro- 


tating the plunger gently with a serewing motion as it is being drawn in or 
out. Slipping back of the plunger is prevented by a proper adjustment of 
the arresting clip. Careful control of the movement of the bubble is se- 
cured by using the little finger as a brake against the plunger. Until one ts 


{ 
t 
| 
| 


F. J. W. ROUGHTON AND P. F. SCHOLANDER DAT 


thoroughly acquainted with the technique, duplicate readings should be 
taken; if these varv at all, the smallest reading is taken to be the correet one. 
Calculation of Results ~The oxygen content of the blood equals 


(V, V> c) x f (1) 


where ¢ is the blank correction for Os content of the reagents, f is the cor- 
rection factor for temperature, aqueous vapor pressure, and barometric 
pressure. 
The value of ¢ is usually 1.0 to volumes per cent at room temperature. 
fmay be read off from a nomogram or from the usual tables such as that 
given by Peters and Van Slyke (5). In the computation of f the aqueous 
vapor pressure is assumed to be that over pure water, whereas with the 
solutions over which the gas bubbles are read the actual vapor pressure may 
be as much as 3 to 4 mm. lower at room temperature. This would only 
change f by about | part in 200, which would be barely significant. In 
practice we find that the length of a given bubble of N» (20 to 25 divisions 
total length) is the same to within 0.1 division whether read over water, 
10 per cent NaOH, 20 per cent NaOH, or the pyrogallol solution. 

Notes By filling the dead space of the svringe at the start with ferri- 
evanide instead of water the blank amount of dissolved Os» in the reagents 
is cut down. For this reason also only a minimal amount of caprvlic 
aleohol is used, since the solubility of Oy in the latter is about 5 times 
greater than in water. : 

The object of the twea solution is to clean the capillary of blood so that 
no traces of blood precipitate are subsequently formed there by contact 
with the strong alkah. 

The speedy adjustment of the bubble into the capillary at the end of the 
CO. absorption helps to eliminate reabsorption of Os at the eritical moment 
at which the partial pressure of the O. becomes high (7.e. nearly | atmos- 
phere), 

Temperature equilibration of the bubble betore the measurement of Vy 
has proved necessary, for with long bubbles a contraction of nearly a divi- 
sion may be observed as a result of immersion of the capillary in the water 
bath. | 

In our original method for CO estimation in blood none of the above 
precautions, except filling the dead space of the svringe with ferricvanide, 
was taken nor was the method of delivering the blood from the pipette so 
satisfactory and complete. It is, we believe, the suwmmated effect of these 
Various improvements that now makes it necessary to apply the tull cor- 
rections for temperature and pressure, whereas in our original paper the 
effect of these omissions was by chance such as to counter almost exactly 
the temperature-pressure correction, Which was in fact lett out. 

The stronger and more alkaline pyrogallol does not under the present 
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conditions evolve appreciable CO during the OQ. absorption. This matter 
together with a consideration of the drawbacks of the more conventionally 
used hydrosulfite-anthraquinone absorbent is discussed in “Appendix 
to Paper II on carbon monoxide estimation. 

For accurate and satisfactory results the blood should be fresh, v.¢., not 
more than 24 hours old. 

Presence of ether in the blood may lead to serious error, which might 
possibly be checked by some modification of the above procedure. This, 
however, has not vet been attempted. 

Accuracy of Method—Our first check of the method was to analyze 
bubbles of atmospheric air for Oo and CO... The dead space of the syringe 
was filled with distilled water and bubbles of air of 18 to 27 divisions length 
were drawn into the capillary. Vy was measured after temperature 
equilibration in the usual way and the QO». plus CO. of the bubble was then 
absorbed by pyrogallol as above and V» measured. The following readings 
were obtained. 


V> 19.0 19.8 19.9 19.8 19.4 21.2 14.0 17.4 


Average = 21.0 per cent (+0.7 at most) 


These results are within the accuracy of the visual readings of the bubbles, 
for an error of 0.7 per cent in the computed QO». corresponds to an error of 
only 0.15 division in the reading of the length of the bubble. The average 
agrees Closely with the theoretical figure. : 

In our next check the complete procedure was run through as for a blood 
(), analysis, save that in place of the blood a measured bubble of atmos- 
pheric air was used and the per cent QO. in the latter determined. Nine such 
determinations gave the following figures: 21.8, 20.4, 20.9, 20.7, 21.4, 20.9, 
21.6, 21.1, 21.0; average 21.1 per cent (+0.7 at most). The result of this 
test is thus as satisfactorv as the first one. As a further check of the 
principle of the method we may quote the excellent agreement found in 
Paper IIIT between the N.» content of aerated distilled water and the figure 
expected from the solubility coefficient of Ne in water as given in the usual 
physicochemical tables. We have also carried out similar and ejually 
satisfactory checks by the method on the amount of dissolved air in aerated 
distilled water at 24°. We obtained values for the solubility coefficient of 
1.76 and 1.70, mean 1.73, as compared with the figure of 1.74 given in the 
tables. 


These varied tests seem to leave no doubt that the instrument and 
method are, in the handling of inorganic solutions, only limited by the 
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accuracy of the reading of the length of gas bubbles. ‘To prove that the 
same holds good in the ease of blood, we have carried out a series of com- 
parisons of the O, content of blood by the syringe method and the usual 
Van Slvke method, | cc. samples being used in the latter. These checks 
are presented in Table TI. 

The spread of individual readings by the syringe method is usually not 
more than 0.2 to 0.3 volume per cent. » Only in one case in Table I is there 
a spread of as much as 0.4 volume per cent. We may thus conclude that 
any individual reading should be correct to 0.1 to 0.15 volume per cent. 
This is confirmed by the agreement between the means by the syringe 
method and the Van Slvke method. The maximum discrepancy 1s 0.13 
volume per cent and the average discrepancy only 0.05 volume per cent. 
The very satisfactory agreement in the three tests with partially saturated 


TABLE I 
Comparison of Oxygen Content of Blood by Syringe Method and Van Slyke Method 


The values are given in volumes per cent. 


Syringe method Van Slyke method 
Individual readings Mean | Mean | Individual readings 
Oxygen capacity 23.1, 22.8, 22:8 22.9 22.65, 22.85 
of aerated blood 22.2, 22:0 |: 22.3, 22.2 
from different 21.7, 24.6, 21.8, 21.9 21.75 | 21.8, 21.7 
individuals 
Oxygen content 16.5, 16.3, 16.2, 16.1 16.2; 16.15 | 16.1, 16.2 
of partially sat- 10.6, 10.7, 10.7 10.6; 10.63 10.7, 10. 6¢ 


| 
i 


blood shows that no appreciable Oy, is gained by the blood during the trans- 
fer processes in the svringe technique. 


DISCUSSION 
The aims of this research were to devise a gasometric method for deter- 
mination of the O. content of the blood which should be accurate, rapid, 
reasonably easy to learn, require only a drop of blood, and only involve 
relatively cheap and easily portable apparatus. ‘The tests given above 


— show that these requirements have been attained. The accuracy (of about 


0.15 volume per cent) is as high as is needed for most physiological pur- 
poses. ‘The time taken by each determination is only from 6 to 10 minutes 
and a reasonably skilled observer should be able to master the technique 
in a dozen or so practice determinations. The other points are likewise 
met in the technique as deseribed. 

The method is already being applied to the study of shock and other 
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problems in experiments on small animals, from which the quantities of 
blood readily obtainable are insufficient for the usual accurate gasometric 
methods. It is hoped that there will be much further opportunity for 
application of the method along these lines, as well as in clinical use for 
observations of Oo capacity and content. It is possible also that the 
method may be of service in students’ courses. 


SUMMARY 


The svringe-capillary method of Scholander and Roughton has been 
adapted to the microdetermination of Oy in blood. The volume of blood 
sample required is 40 ¢.mm., the accuracy is 0.15 to 0.20 volume per cent, 
and the time for a single determination is from 6 to 1Q minutes. The 
apparatus is portable, does not require refined laboratory tacilities, and the 
technique Is reasonably easy to learn. 


Dr. Nelson Ordway has also applied the svringe method to the estimation 
of O». content of blood. Tle tells us that he has attained almost the same 
accuraey and concordance with the Van Slvke method as we report. We 
are much indebted to him for information on this and other points. 


BIBLIOGRAPHY 


1. Scholander, P. F., and Roughton, F.J.W., J. Ind. Hyg. and Toxicol... 24, 218 (1942), 

2. Scholander, P. F., Sczence, 95, 177 (1942). 

3. Mook, H. W., Biochem. Z., 242, 338 (1931). 

4. Scholander, P. F., Rev. Setent. Instruments, 13, 362 (1942). 

5. Peters, J.P., and VanSlyke, D. D., Quantitative clinieal chemistry, Methods, Balti- 
more, 129, Table 15 (19382). 


| 
i 


MICRO GASOMETRIC ESTIMATION OF THE BLOOD GASES 
Il. CARBON MONOXIDE 
By P. F. SCHOLANDER 


(From the Rdward Martin Biological Laboratory, Swarthmore College, Swarthmore} 


AND F. J. W. ROUGHTON 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, February 26, 1943) 


In the present paper we describe three applications of the svrmge tech- 
nique to the microdetermination of CO in blood: (a) a general method for 
saturations ranging from 0 to 100 per cent COHb, (b) a method for com- 
bined determinations of O. and CO on one sample of blood, (¢) a special 
method precise enough for blood volume determination in which the CO 
content is kept below 2 volumes per cent. : 


General Method for Estimation of CO in Blood 

Apparatus “These are deseribed in our original paper (1) and in Paper I 
on ©. determination (2). 

Principle of Method  Vhe Ov, CO, and Ne of the blood and reagents are 
extracted by excess of COs evolved by the reagents, and the COs and O, 
subsequently absorbed together by alkaline pyrogallol. The volume of the 
residual gas is measured in the capillary of the instrument before and after 
the absorption of CO by Winkler’s solution. The difference in volume 
multiplied by the correction factor for temperature and pressure gives the 
(QO content of the blood in volumes per cent. No blank correction is re- 
quired for the reagents, since the blood itself is the only source of CO. 

Reagents- 

1. Aerated distilled water. 

2. Caprvhe alcohol. 

3. Ferrevanide solution. 12.5 gm. of K3gFe(CN)., 3 gm. of KHCOs, 
and 0.5 gm. of saponin are ground in a mortar and dissolved in water to 
make up to 50 ce. The solution should be renewed every 3 days. 

Acetate buffer. 70 gm. of sodium acetate are 
dissolved in LOO gm. of water and 15 ce. of glacial acetic acid added. 

®. 45 per cent urea. 

6. Winkler’s solution. 20 gm. of cuprous chloride, 25 gm. of ammonium 
chloride, and 75 gm. of water are placed in a bottle just large enough to 
contain them. The bottle is corked, shaken with as little air as possible, 
and the precipitate then allowed to settle. A coil of copper wire is placed 
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in the solution, which is then covered with a laver of paraffin oil. After 
some time the reagent becomes almost colorless. 

7. Pyrogallol solution. 15 gm. of powdered pyvrogallol are added to 
100 ce. of 20 per cent NaOH in a rubber-stoppered bottle and covered with 
a layer of oil. The pvrogallol is dissolved under the oil by stirring with a 
glass rod. 

The pyrogallol solution is stored in a 10 ec. syringe with the rear end of 
the plunger well greased and a fine tipped glass nozzle attached to the 
syringe. The other reagents are similarly stored in smaller syringes. The 
water is placed in a bottle above the apparatus and is delivered through 
rubber tubing with a glass nozzle attached. 

Blood Samples—-Finger prick blood samples may be obtained by stabbing 
the clean finger with a blood lance and squeezing the drop ot blood directly 
into a small glass vial (20 & S mm.) into which two or three particles of 
powdered trisodium citrate have been placed. Smearing of blood over the 
finger should be avoided; otherwise clotting is apt to occur. The blood 
and citrate are stirred with a glass rod and the vial corked. For accurate 
work a small allowance is necessary for the diluting effect of the citrate. 


See also the svringe technique in Paper I. 
Proce dure 


1. The svringe is held vertically and any liquid in the cup of the svringe 
Is Withdrawn by vacuum suction. The plunger is pushed up and the cup 
filled with ferrievanide solution. The solution is drawn down to the bottom 
of the svringe and expelled through the cup and removed. ‘This procedure 
Is repeated twice with fresh lots of terrievanide, the dead space finally 
being left full of ferricvanide without trapping any air bubbles. No grease 
or oll is used in the svringe. 

2. The glass cup is filled to the mark with ferrievanide and the latter 
drawn down to the bottom of the cup. 

3. A drop of caprvlic alcohol is deposited on the bottom of the cup. 

4. The pipette is filled with blood to the mark, wiped, and held at a 
slight angle to the horizontal, so that the blood does not run out when both 
ends of the pipette are open tothe air. With the svringe at the same angle, 
the pipette is cautiously introduced into the glass cup, and its tip pressed 
snugly but not too vigorously against the bottom of the cup. 

5. By pulling out the plunger gradually the blood is slowly and evenly 
drawn into the capillary, followed by a bubble of air of about 1 mm. length. 
If the tip is properly ground and the right amount of pressure applied, no 
appreciable caprylie aleohol is drawn in during this step. The bubble of 
air prevents any blood from being sucked back into the tip when the pipette 


is removed. 
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6. The pipette is quickly removed and the bubble of air is then expelled 
through the caprylic alcohol, with aid if necessary of a piece of fine wire or 
by tapping the capillary. 

7. A trace of caprylic alcohol, 7.e. about.2 divisions length of the capillary, 
is drawn down onto the top of the blood and the rest of the caprvlie aleohol 
is removed from the cup. 

8. The cup is filled to the mark with acetate buffer and the latter drawn 
down to the bottom of the cup. 

9. The cup is then immediately filled to the top with 45 per cent urea, 
and then closed firmly with the finger. 

10. The closed apparatus is vigorously shaken in the horizontal position, 
the plunger being gradually drawn out as the CO. and the other gases are 
evolved, the gas pressure being kept roughly at atmospherie. The total 
volume evolved should be about 0.75 ce. Tt the amount is appreciably more 
or less than this, the coneentration of KITCOs: in the ferricvanide reagent 
should be correspondingly adjusted. Shaking is continued for a total of 
2 minutes. 

11. The finger is cautiously released, the svringe plunger being manipu- 
lated so as to keep the gas meniscus in the capillary. A small amount of 
urea is run down into the capillary and left there until the walls are per- 
feetly clean. | 

12. Three-quarters of the urea in the glass cup is removed, and the rubber 
cup adjusted filled with pyvrogallol solution without trapping air 
bubbles. 

13. A little pyrogallol is drawn into the svringe. ‘This absorbs some 
COs and Os, eausing a partial vacuum which quickly sucks in more pyro- 
gallol until only a small bubble consisting of Ne and CO Gf any was origi- 
nally present in the blood) is left at the top of the svringe. The absorption 
takes a few seconds and just betore it is complete the residual bubble is 
screwed slowly and carefully up into the capillary by manipulation of the 
plunger. 

I4. The rubber cup is removed and the glass cup is emptied. 

15. The capillary is placed for halfa minute ina beaker of water at room 
temperature. 

6. It is then removed, dried by light wiping, care being taken that the 
captilary is not handled, and the volume of the bubble read, 1 divisions. 

17. The glass cup is flushed clean with water and left filled. About 
three-fourths of this water is pulled quickly down into the syringe, forming 
alaver on top of the heavier blood mixture (hig. 1,4). The bubble, with 
clean water below it, is then at once run up to the top of the capillary. 

IS. The glass cup is emptied of water and filled with Winkler’s solution. 

19. The svringe is then pointed with the cup downwards, the capillary 
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making a slight angle with the horizontal (Fig. 1, B). By cautiously 
screwing in the plunger the gas bubble is driven out into the glass cup where 
it rests near the junction’of the capillary and the cup. As soon as the bub- 
ble is free in the cup, Winkler’s solution is sucked behind it so as to half fill 
the capillarv. Gentle rotation tor a few seconds completes the absorption 
of the CO. The svringe is then turned to the vertical position with the 
eup downwards and the gas bubble is sueked back into the capillary and 
its volume, Jo, measured. 

20. ‘To wash the instrument, the plunger is pulled out under a stream of 
running water and the blood mixture poured out. The svringe is filled 
and emptied several times with water before the plunger is restored. The 


Pic. 1. A, capillary cleared of pyvrogallol by drawing down water over the bubble; 
B, absorption of CO in the cup. 


plunger should never be forced inwards if there is a resistance due to pre- 
cipitates inside it. Occasionally the whole svringe should be rinsed with 
dichromate cleaning solution. Reference should also be made to the 
description ot the apparatus, procedure, notes, and figures given in Paper I 
on determination. 

Calculation of Results Vhe carbon monoxide content of the blood in 
volumes per cent equals (1; — Va) & f, where fequals the correction tactor 
tor temperature, aqueous Vapor presstire, and barometric pressure (see 
Peters and Van Slvke (3)).) In COHb estimations at saturations below 8 
volumes per cent and at room temperature (22°) and sea level it is often, 
in practice, accurate enough to put f = O09 The reasons why the correc- 
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tion is applied in the present analvsis but not in the original paper are 
explained in Paper [on O, estimation by the micro gasometric method. 

Accuracy of Results -With this method the spread of individual readings 
ona given sample of blood is tound to be only 0.2 to 0.3 volume per cent, 
as was also the case in the ©». determinations. As ‘Vable IT shows, the con- 
cordance with the results of a Van Silvke analvsis (Horvath and Roughton’s 
Method A modified) is equally good. Vhe mean figures only are given in 
Table I. Samples I, J, hNtwy and L give the CO contents of the venous blood 
of four normal workers in the laboratory. 


TABLE | 
Mean Value of Carbon Monoxide Content of Blood Determined by General Method 


The values are given in volumes per cent. 


Sample A Sample B Sample C 
CO capacity of blood 
Syringe method 20). 4; 19.4, 
Horvath and 
Roughton’s 
Method A 20. 20.549 19.4, 
Sample Sample Sample Sample Sample | Sample Sample Sample 
(‘Ocontent of blood 
partially satu- 
rated with CO 
Syringe method 7.30 3.05 1.6; 0.2, O. 
Horvath and 
ftoughton s 
NMlethod A l4.4, O.3¢ O.1; 26 


Combined Estimation of CO and Os in Single Sample of Blood 


The Oo content of the blood is determined by means of steps (1) to (17) 
given for the estimation of Os in blood in Paper I. The glass eup and 
eapillary are then thoroughly washed with water, filled with Winkler’s 
solution, and the (CQ content of the bubble determined by the method 
described in steps (17) to (19) above for the general estimation of CO in 
blood. 

Asa test of the method one sample ot blood, 7.6. Sample A, was aerated, 


Whereas a second sample, 7.6. Sample B, of the same blood was equilibrated 
with Ns containing 10 percent CO. “Pwo mixtures were then prepared, the 
first containing 2 parts of Sample Land | part of Sample B, the second econ- 
taining | part of Sample A and 2 parts of Sample B. Estimations of the 
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CO and ©. content of all four blood samples were made by the combined 
method, together with estimations by the O. method alone of the Oo content 
of Sample A, and by the CO method alone of the CQO contents of all four 
blood samples. The results are given in Table IT. It is seen that there is 
satisfactorv agreement between the results of the single method and of-the 
combined method, that the sum of the Oo and CQ contents of the four 
blood samples is reasonably constant, and that the Oo and CO contents of 
the mixed blood samples agree well with the expected figures, except in one 
Case, 
Special Method for Blood Containing Small Amounts of CO 
or most purposes an accuracy of 5 to 10 per cent in the blood volume is 


all that is worth aiming at, in view of the variability of the physiological 
factors. In determinations of the blood volume by the CO method it is 


Estimation of CO and Og in Single Sample of Blood 


The values are given in volumes per cent. 


Sinwte Single Combined met! 
method, method, 
Blood Sam pric Os CO 
content content C0) + CO 
A O.1S 22.1 Q.1S £2.08 
B 21.3 21.20 
C (2 parts A + 1 part B iis 116.9) 2) 
D (1 part A + 2 parts B) 14.5 4:0 (8.0) 14:3 (14.2 1.8 


The figures in parentheses are those to be expected from the proportions in which 


Samples A and B were mixed. 


an advantage if the CO content of the blood does not exceed 2.0 volumes 
percent. This requires that the estimation of the CO content of the blood 
should be correct to 0.03 to 0.05 volume per cent. “Po obtain this aecuraecy 
with the svringe technique it has been necessary to triple the volume of the 
hlood sample (120 ¢.mm.) used for analysis, and also to make a tew other 
changes, of which the most important relates to the absorption of Os which 
is extracted, along with CQ, from the blood. The main point is that with 
the relatively large amount of Os» liberated trom 120 ¢.mm. of blood there 
may be an appreciable formation of CO during the pyrogallol absorption, 
unless the O. of the blood has been previously fixed by addition of weakly 
alkaline hyvdrosulfite. With 40 e.mm. of blood, as used in the methods 
previously described in the paper, no CQ formation has been deteeted in 
control experiments. These matters are considered more tully Ap- 


pendix I.” 
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Reagents— Those reagents described under the general estimation of CO 
in blood are used together with the following. 

Hydrosulfite-borate solution. A stock solution of 3 per cent borax 
(NaoByO;-1OHLO) is prepared. 1 gm. of NaoSeO, is dissolved in 50 ec. of 
the borax solution and stored in a glass-tipped svringe. The final solution 
should not be kept more than 2 davs. 

Procedure 

1. The glass cup is filled with hyvdrosulfite-borate solution, which is drawn 
down to the bottom of the svringe, and then expelled, leaving the dead 
space and the capillary filled with the solution. 

2. The blood is drawn down the capillary directly on top of the borate 
solution from a pipette calibrated to deliver 8 times the usual quantity of 
blood. No caprvlic alcohol is needed at this stage. 

3. The blood is drawn down to the bottom of the capillarv and the 
svringe rotated horizontally round its axis so as to mix the hvdrosulfite 
with the blood. 

4. The svringe is then restored to the vertical position and the blood 
solution brought to the top of the capillary. 

5. The glass cup is filled to the top with terricevanide solution and the 
whole of this drawn down. 

6. 2 or more divisions of caprvlic alcohol are placed on top of the ferri- 
evanide solution in the capillary so as to protect it from contact with the 
acetate buffer used’ in the next step. 

7. The glass cup is rinsed with water and filled to the mark with acetate 
which is then drawn down a few divisions below the bottom of the cup. 
The cup is then filled with water and closed at the top with the tip of the 
finger as soon as the few divisions of air have been expelled from the top 
of the capillary. The gases are then extracted in the usual way by 3 min- 
utes shaking. 

8. The svringe is then turned to the vertical position with the cup down- 
wards and the plunger pushed in so as to give a slight positive pressure. 

9 With the svringe held over a dish, the finger tip is removed from the 

The standard pipette may be accurately enough calibrated to deliver thrice the 
usual blood volume in the following way. The pipette is filled up to the mark with 
mercury and then manipulated so that the mercury column moves into the cylindrical 
part of the pipette. Its length is measured, and a second mark is scratched on the 
pipette at twiee this distance from the usual mark. Further precision has recently 
been obtained in the case of blood containing less than 2 volumes per cent of CO 
by use of 6 times the normal quantity of blood {7.¢. two loads of the pipette calibrated 
to deliver 3 times the normal). To insure laking of this larger quantity of the blood, 
the saponin is increased from 0.5 gm. to 1.5 gm. per 50 ec. of ferricyanide solution. 
This extra amount of saponin is also to be recommended as a safeguard in general. 
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top of the cup and fluid is expelled until the gas meniscus is half wav down 
the capillary. The gas-containing part of the svringe chamber must not 
be touched with the warm hand. 

10. The glass cup is filled to the top with water and then slanted down- 
wards and the gas bubble pushed to the end of the capillarv. The blood 
mixture passes into the cup and settles through the water. 

ll. With the instrument still slanting water is sucked into the capillary, 


TaBLeE II] 
Blood Carbon Monoxide Del nation hy Mi fhod of N 


The values are given in volumes per cent. 


Observed CO 


kxper Calcu 

iment ve lated 
No. 
Syringe method Sly ke 


method 


] Sample A 16.8, 16.9, 16.7, mean 
1} 0.58, 0.00, mean 0.59 
Dad -B+T part C 1.92 1.94 
2 Sample A 21.80, 21.90, mean 21.85 21.80 
13’ 0.30, 0.56, mean 0.38 0.36 
C’( part A’ + 7 parts 3.00, 3.00, 3.03, mean 2.98 3.05 
3.0] 
1.62, 1.68, 1.71, mean | 1.0 


Karperiment 3. CO Content of Normal Venous Blood from Various Individuals 


Sample A Sample B Sample C Sample D Sample E) Sample I 


Syringe method 0. 2¢ O.1, U.Zo O.d¢ 
Horvath and Roughton's 
Method A 0.3; O.1; 0.56 
Average discrepancy = 0.04 volume © 
Maximum = 0.09 


12. The instrument is then restored to the usual vertical position with 
the cup upwards, and the latter filled with urea solution. 

13. The eapillary is filled with urea solution and is lett until the walls 
are perfectly clean. 

14. The COs and O, are then absorbed with pyvrogallol and the remainder 
of the procedure is the same thereafter as for the general estimation of CO 


in blood. 
The CO content of the blood equals (1, — Vo) & f,3. 


x 
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Accuracy of Method —Vhis has been principally checked by the method of 
mixtures. One sample of blood, Sample A, was aerated and its very slight 
CQO content determined; a second sample of the same blood, Sample B, 
was saturated with 10 per cent CO in Ne and its CO content also determined 
accurately. Aecurately known proportions of Samples A and B were then 
mixed together and the observed CO contents compared with those caleu- 
luted from the proportions in which Samples A and B were mixed. The 
results are given in Table TIT, Experiment 1. The concordance of dupli- 
cates and the agreement with the calculated figures show that the desired 
accuracy of 0.038 to 0.05 volume per cent is successfully reached. 

Ina dupheate experiment (Vable TIT, experiment 2) all the CO contents 
were measured by the Van Slyke method as well. The concordance of 
duplicates and the agreement with the calculated figures is as good as in 
Experiment | and furthermore the checks with the Van Slvke figures are 
equally satisfactory throughout. 

In experiment 3 of ‘Table ILL the CO contents of venous blood from six 
subjects were measured both hy the svringe and the Van Slvke techniques, 
The agreement is again seen to be satistactory. 

DISCUSSION 

The svringe-capillary technique as first described by the writers (1) was 
miaunly intended as a field method tor the determination of the CO content 
of blood in subjeets, exposed by reason of their occupation or other causes, 
to this gas. It has indeed already been used in an expedition on Mount 
Washington in which the formation of (QO in tents and snow houses was 
studied (4). The accuracy attained in this preliminary work was ap- 
parently high, owing to an accidental cancellation of errors of Opposite 
sign. ‘The fuller investigation now reported puts the technique on a more 
secure basis and makes it indeed appheable to various physiological prob- 
lems in which CQO is concerned and in which an accuracy several times 
greater may be needed than in the determination of the content of CO- 
poisoned subjects. Among such problems, some of which have vet to be 
fully worked out, are (a) the measurement of the blood volume (already 
mentioned), (b) the determination of the rate of CO uptake by man under 
Various conditions, including the measurement of the diffusion constant 
of the lung, (¢) the indirect measurement of the arterial O. pressure by the 
method of Douglas and Haldane (5), (¢) the question of whether and how 
man can aeclimatize to CO-poisoning (Nillick (6)), (¢) the possibility that 
small amounts of CQ may arise in the body by endogenous metabolism. 
The svringe-capillary technique has already been applied or is being applied 
to problems (a) and (6), and may likewise have interesting possible applica- 
tions to some if not all of the other problems. 
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SUMMARY 


Improvements are described in the original svringe-capillary procedure 
of Scholander and Roughton for the micro gasometric determination of CO 
in blood. With the new technique the usual corrections are necessary for 
temperature, aqueous vapor pressure, and barometrie pressure. With 
blood samples of 40 ¢.mm., the accuracy of a single determination is 0.15 
to 0.20 volume per cent. With blood samples of 120 ¢.mim. and a moclified 
technique the accuraey is mcreased to 0.08 to 0.05 volume per cent and the 
method is theretore verv suitable for blood volume determinations by the 
earbon monoxide method. A technique for the combined determination 
of Oo and CO ina single 40 ¢.mm. sample of blood is also given 


Appendix I 


Notes on Oxygen Absorbents Vhe conventional hyvdrosulfite-anthra- 
quinone sulfonate solution is not entirely satisfactory when used on Os 
mixtures containing CQ. Van Sivke and Neill (7) showed that when this 
reagent was added to blood, from which CO had been extracted by action 
of ferricvanide, a small part of the CO is reabsorbed by the reduced hemo- 
globin tormed by the reducing action of Naos.O; on the methemoglobin, 
In absence of hemoglobin CO appears not to be absorbed by hvdrosultite 
if OQ. is absent trom the gas phase, but i Ov. is also present we have pre- 
liminary though not conclusive evidence that some CO may be absorbed 
as well? 

A possible explanation of such CQO absorption is the combination of CO 
with alkal to form formate. Warburg, Kubowitz, and Christian (S) have 
shown that this reaction occurs very slowly at room temperative but has 
a high temperature cocfhcient. Now the absorption of Oso by hydrosulfite 
isa strongly exothermic reaction and turthermore oceurs principally at the 
gas-liquid interface, so that a very large local rise of temperature may oecur, 
CO molecules hitting this hot alkaline surtace film might accordingly be 
able to form formate at an appreciable rate. 3 

In view of this uncertainty we have abandoned hbydrosulfite and have 
instead used alkaline pyrogallol solutions. These do not absorb CO but 
are Open Te the converse objection ot evoly Ing trices ot ‘This tendenev 
diminishes with the strength of alkah and pvrogallol used, but increases 
with the partial pressure of Oo and the time of contact of the pyrogallol 
solution with the gas phase. The CQO is thus apparently a secondary 

?More recent tests with another sample of Nao sO, showed no detectable absorp- 


tion of CO from a gas mixture containing 20 per cent CO + SO per cent Oo. Cata 


lytic impurities in the hydrosulfite may perhaps be responsible for variable effects. 
Haldane’s concentrated pyrogallol solution (0 gm. of pyrogallol in LOO ce 
of KOH solution, sp. gr. 1.55) when shaken for a minute or less with Oo at | atmosphere 
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product of the reaction between QO, and pyrogallol. In our original micro 
gasometric method tor CO in blood we used 5 per cent pyrogallol in 10 per 
cent NaOH, having found by controls similar to that given in foot-note 2 
that with tresh solution CQ was not evolved to an appreciable extent. 
Subsequent tests, however, showed traces of CO oecurring and we have 
therefore substituted the stronger and more alkaline pyrogallol solution 
described in this paper. With the amounts of Oo vielded by 40 ¢.mm. of 
blood this pyrogallol solution has not been found to evolve any CO when 
used in the svringe technique, but on the other hand traces of CO appear 
again even with this solution when 3 times as much Os-contaiming blood 1s 
used. In the latter procedure we have forestalled this trouble by reducing 
the blood with weakly alkaline hvdrosulfite before adding the ferrievanide, 
with the result that only verv small traces of Oso are subsequently extracted 
into the gas phase, and consequently the secondary CQO tormation from 
pvrogallol cannot occur, After step (9) in the special method for blood 
containing small amounts of CO the concentrations of Oo and hemoglobin 
still present in the svringe are so low that hvdrosulfite might possibly be 
used in place of pvrogallol in step (14), but this we have not attempted, 
since hyvdrosulfite is, in several respects, less easv to handle in the capillary. 


Appendix [1 
hy F. J. W. RoOUuGHTON 


Modification of Horvath and Roughton’s Method A—~Vhis method 1s the 
quickest and most reliable of those recently deseribed by Horvath and 
foughton (9) but has certain disadvantages. “The daily deaeration of the 
Various reagents is time-consuming and in the case of the terrievanide often 
seems to lead to loss of stabilitv, as is shown by rather rapid darkening of 
the solution. Furthermore, the 10 per cent NaOH, which must be used 
tor CO. absorption owing to the large alkal-binding capacity of the strong 
phosphate buffer used in the CO evolution, not only produces a rather 
gummy blood precipitate but also is verv apt, when added to the low 
pressure gas phase in the chamber, to cause bubbling and boiling (owing 
prestimably to the lowered vapor pressure of the NaOH) and the high heat 
of rencetion with the strong phosphate). To avoid these difficulties we have 
replaced the phosphate buffer with the acetate butter used) above in the 
microestimation of CO in blood (Reagent 4), and mix | part of this solution 
With f parts of 832 percent KgFeC(CN)s. The two solutions are aerated by 
ventle rotation with air for a few minutes prior to mixture and 1.0 ce. of 
this mixed solution is used for the CO evolution. The dissolved air in the 


ressire hisas heen found ta ott traces of gas W hieh Is hel absorbed by hvdro 


sulfite, but is at onee absorbed by Winkler’s solution and hence is presumably CO. 
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latter increases the ‘‘c’’ correction but only to about 2.0 mm. of mercury, 
The mixture keeps its stability quite well. Instead of 10 per cent NaOH, 
1.5 ce. of fullv deaerated 4 per cent NaQH suffice for the COs absorption, 
which is carried on in the usual way; there is tar less trouble from precipita- 
tion and bubbling. The procedure is otherwise the same as in Horvath 
and Roughton’s Method A save tor the following minor points: (@) 2 drops 
of caprvlic alcohol are used instead of 4; (6) 2 per cent hydrosulfite is dis- 
solved in 3 per cent borax? instead of 4 per cent borax; (¢) the Van Slvke 
chamber is each time most thoroughly cleaned with alkaline hvdrosulfite 
and if necessary 45 per cent urea to remove any residual blood precipitates, 
and 5 ee. of distilled water are evacuated in the chamber just before each 
estimation; (7) the deaerated 4 per cent NaQIT is stored ina clean, drv 
burette, initially free of oil, which is poured on the surface of the NaOH 
after it has been slowly transterred to the burette. This avoids contamina- 
tion of the NaQH with films of air containing oil, as may occur if the ort is 
already in the burette when the deaerated is transferred to it. 
According to Horvath and Roughton the gas bubble remaining after the 
absorption of CQ. is composed entirely of CO and No: if so, the percentage 
of CO in this bubble should equal (py po — ©) (py D2). With 
the aid of the svringe we have been able to validate this asstumption directly, 
The dead space, the capillary, and glass cup ot the svringe were filled with 
deaerated 4 per cent NaOH, 1 or 2 ee. of which were also placed in the cup 
of the Van Slvke chamber. The svringe was then inverted and its cup 
pressed fairly snugly against the bottom of the Van Sivke cup. The 
residual CO and Ns in the Van Slvke chamber was brought under positive 
pressure, the tap at the top ot the chamber cautiously opened, and the gas 
bubble driven through the tap into the top of the svringe cup. [f the 
bubble is small, the whole ot it can be trapped in this wav in the svringe 
cup. The bubble was then drawn up into the svringe capillary and 
analyzed for Oo, CO, and by means of pyvrogallol and Winkler’s solutions. 


In two such tests the following results were obtamed: 100 x (py (ieee 2 
(pi — pe), (a) 66.3, (6) 33.3; per cent CO m bubble by svringe analysis, (a) 


66.0, (6) 33.0. The Os content of the bubble was tound to be negligibl 
in both cases. This combination of the svringe with the Van Sivke tech- 
nique miav, In other cases also, enable the SONSILIVITY of the latter to be 


pushed far bevond its usual limits. 
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In the present paper the syringe analyzer technique (1, 2) has been ap- 
plied to the determination of the dissolved nitrogen content of water, blood. 
and other fluids. “The method is Very similar to, vet stnpler than, the car- 
bon monoxide method, which has already proved its usefulness under 
laboratory as well as field conditions; ¢.g., in studies on the formation of 
earbon monoxide in tents and snow houses on Mount Washington (3). 

EAPERIMENTAL 

Apparatus The apparatus is that deseribed by Scholander and Rough- 
ton (1,2). The pipette has two marks, being calibrated to deliver 3 times 
the amount used in the general CO method, as well as the ordinary amount. 
For the calibration of the pipette see the preceding papers (1, 2). 

Principle of Method The blood is mixed in the syringe analyzer with 
bicarbonate and acid phosphate. The evolved COs provides a gas phase 
lor the extraction of the whole of the dissolved Ns of the blood and reagents 
and for part of the Os, but none of the CO. The COs and Os are then 
absorbed with alkaline hydrosulfite, and the bubble of No whieh is left is 
measured in the svringe capillary. The reading, less a small blank from 
the reagents, is multiplied by the usual correction factor for temperature 
and pressure and the figure so obtained gives the Ns content of the blood 
in volumes per cent, 

Reagents 

I. Aerated distilled water. 

2. Caprvlie aleohol. 

3. DBiearbonate solution. of are dissolved in LOO gin. ot 


water. 
Acid phosphate buffer. 95 gem. of are dissolved in 
lOO gm. of warm water. The resultant volume is about 142 ce. at 20° 


and the strength about M. 

do per cent urea, 

6. Hydrosultite solution. 15 gm. of a mixture of sodium hvdrosultite, 
lO parts, and sodium anthraquinone-3-sulfonate, | part, are added to 50 
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ec. of 20 per cent KOH. This solution should be made with the least 
possible contamination from air and stored in a rubber-stoppered bottle, 

Reagents 2 to 4 are stored in well greased 2 ce. svringes provided with 
glass tips. Reagents 5 and 6 may best be stored in 10 ce. svringes provided 
with glass tips. The distilled water mav best be stored in a bottle with 
rubber tubing and glass nozzle hanging down over the apparatus, 


Blood Samples” Great caution must be exeretsed in handling blood of 


low No content, as contamination with atmospheric nitrogen occurs rapidly 
due to the high gradient of nearly # of an atmosphere. Generally the 
anaerobic svringe technique described in Paper [Tis preterable, but oeea- 


sionally, as in the case of finger blood samples, the Mook technique (4) or 


a modification may be used (5), 
Procedure 


|. The svringe is held vertically, and any liquid in the cup of the svringe 
is Withdrawn. The plunger is pushed up and the svringe cup filled with 
the bicarbonate solution. The solution is then drawn down into the svringe 
barrel, the plunger being pulled practically the whole way out. The 
plunger is then pushed up without any air bubbles being trapped, and the 
bicarbonate withdrawn from the svringe cup. This step is repeated once 
more. The dead space in the svringe normally contains enough biear- 
bonate to give 0.75 ce. of COs on subsequent treatment with the acid buffer. 
If the evolution of CQ. is insufficient, it may be necessarv to change the 
strength of the KHCOs, shghtly to give the desired amount of gas phase. 
No grease or oil is used in the svringe. 

2. The walls of the svringe cup are dried with a roll of cotton or filter 
paper and a drop ot caprvlec aleohol placed in the bottom of the cup without 
trapping air bubbles. 

3. The blood is measured from the pipette into the eapillary under the 
caprvlie aleohol (as in step (4) of Papers Tand TT} on Os and CO determina- 
tion by the svringe method) and drawn down into the svringe until the 
upper end of the column of blood is 2 mm. below the top of the svringe 
capillary, with a small bubble of air above it.) Care must be taken that 
no caprvle alcohol is drawn down with the blood. The pipette is then 
removed, the air bubble ts expelled through the alcohol by gently screwing 
up the plunger, and 2 divisions ot eapry lie alcohol are left on of the 
blood in the capillary. 

4. The cup ts filled to the mark with the acid butter and the latter drawn 
down to the bottom ot the cup. 

5. The cup is filled to the top with trea solution and is closed firmly with 


the finger. 
6. The svringe is shaken vigorously for 2 minutes in the horizontal post- 
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tion, the plunger being withdrawn as the CO, is evolved. ‘The gas pressure 
in the svringe must be kept at atmospheric. The volume of the gas finallv 
evolved should be 0.6 to 0.75 ce. 

7. The finger tip is cautiously released, the plunger being manipulated 
so as to keep the gas meniscus in the eapillary. 

8. The urea solution is drawn down to the bottom of the capillary with- 
out being allowed to enter the svringe barrel. This prevents subsequent 
contamination of the capillary wall with precipitates from the blood. 

9. The svringe is held in the vertical position, the rubber cup attached, 
and about 1 ee. of the hydrosulfite solution added without trapping air 
bubbles in the svringe cup, 

lO. A little of the hydrosultite is gently drawn into the svringe, creating 
a vacuum which sucks in the rest of the solution needed for absorption of 
the COs and such traces of Oo as are present. 

It. The bubble is pushed up into the lower part of the capillary. The 
hvdrosulfite is sucked out of the rubber cup and the latter detached. The 
svringe cup is then filled with water, three-fourths of which is drawn down 
over the bubble, lavering itself on top of the blood mixture. 

12. The bubble is pushed up into the clean capillary very gently and 
the capillary is placed in a beaker of water at room temperature to bring 
about temperature equilibrium. 

13. The svringe is removed from the beaker, dried by lght wiping, care 
heing taken that the capillarv is not handled, and the volume of Ne read, 
divisions. 

14. To wash the instrument, the plunger is pulled out under a stream of 
running water and the blood mixture poured out. “Phe svringe ts filled and 
emptied several times with water before the plunger is restored. The 
plunger should never be foreed inwards if there is a resistance due to pre- 
cipitates inside if. Oceasionally the whole svringe should be rinsed with 
dichromate cleaning solution. Reference should also be made to the 
description of the apparatus, procedure, notes, and figures given in Papers 
Tl on Os and CQO determination. 

Blank The reagents contain a small amount of gas which is evolved 
during the analysis. The amount of No therein is determined by running 
through the experimental procedure, with step (3) omitted (the introdue- 
tion of blood). Some difficulty may be encountered in first determining 
the blank, since in the blood analysis the blood has a damping effeet upon 
the reaction between the biearbonate and the acid, so that the COs is not 
evolved for 10 or more seconds after the acid is drawn down into the syringe. 
In the blank analvsis, on the other hand, the reaction begins immediately 
when the aeid comes in contact with the biearbonate and hence some 


bubbles of gas belonging in the svringe may be lost to the outside. “To 
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avoid this difficulty one must (a) make sure that the 2 divisions of caprvlie 
alcohol are not washed out when the acid is‘put in the cup, (6) draw the acid 
down into the syringe barrel quickly, (¢) fill the cup with urea solution 
immediately after the acid is drawn down, and then clamp the finger over 
the glass cup at once. 

As an easier but less direct alternative, the same procedure as with blood 
mav be followed through with aerated distilled water, with, however, only 
one-third the volume of the water; 7.e., to the first mark on the pipette. 
The blank is then equal to 


— 1.2/f (1) 


where Vy is the uncorrected Ne reading, fis the correction tactor for tem- 
perature, aqueous Vapor pressure, and barometric pressure (see Peters and 
Van Slvke (6) p. 129, Table 15), and 1.2 is the solubility of atmospheric N, 
in water in volumes per cent at room temperature (22>), 

In our experiments the blank has been found to be constant and of the 
order ot 1.3 to Lo units (oT) the capillary, depending pon the instrument 
used. 

Calculation of Results ~The nitrogen content of the blood equials 


where cis the blank correction tor the nitrogen content of reagents. 

Accuracy As a basie check of the method we have used aerated distilled 
water, the nitrogen content of which can be calculated from the solubility 
coeflicients given in the physicochemical tables. Table [T shows that the 
spread of individual values is not more than 0.03 volume per cent and the 
means agree exactly with the caleulated figures, both at 21° and 34°. 
Similar checks were also obtained with the centrituge method of Scholander 
(5). In the case of blood most of the checks were carried out on the 
nitrogen content ot anaerobically drawn venous blood (see Vable TT). 
The spread of individual readings is seen to be 0.05 volume per cent at most 
and the agreement of the means with readings obtained with the centrifuge 
method is within 0.03 to 0.05 volume per cent. Ina single check with the 
Van Slivke technique good agreement was found. 

To test the method on blood of low nitrogen content a tew cc. of blood 
were equilibrated with oxvgen in oa svringe. Measurements were made 
on this blood and also om an accurately prepared mixture of equal parts of 
it and venous blood. The low nitrogen-containing blood was stored in 
a svringe and transterred to the pipette in the manner described for blood 
samples of low oxvgen content (2). Table IT shows that the measurements 
of the oxvgenated blood are concordant to within 0.03 volume per cent of 
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Temperature of aerated 
distilled water 


2] 


Centrifuge Method 


00 


Syringe method, 
Ne content 


vol. per cent 


TABLE I 
Content of Dissolved Nz in Distilled Water by Present Syringe Method and 


TAT 


- 


Theoretical value 


vol. per ceni 


1.20 


ILE II 


Dissolved Nitrogen in Blood by Different Methods 


Blo 


fremperature 
W. Venous hlood si f brady 


Venous 


vy temperature 


od 


Venous blood body 
temperature 


L. M. Sample A, venous 


blood at body temperature 


shaken with oxygen 


Sample B. blood 


LL.M. Mixture of 1 part A 
part 


Nerated blood at 


Syringe 
method 


ol. per 
cent Neo 
1.16 
Li 
1.14 
1.03 
1.07 
1.03 
1.05 
1.08 
1.08 
1.00 
1.02 
1.06 
1.05 
1.06 
1.03 
1.05 
0.97 
11 
14 
O.12 
Q.52 
0.55 


vol. per cent +2 


Van Slyke 
method 


Centrifuge 
method 


vol. per cent N2 


569 


Centrifuge method, 


Ne content 


vol. per cent 
1.20 
1.19 


0.99 


Discrepancy 


vol. per cent V2 


1.14 () to +0.03 
1 O84 1.03 OV O2 
1 
1 oO 0.0] 
1 
0.05 () L-() 
() O7 0.96 
(14 0.13 (} to —0.038 
Caleulated value, 0.55 () 
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each other and with the Van Slyke and centrifuge readings. In the case 
of the mixed blood the svringe analyzer readings checked excellently with 
the caleulated figure. 

In the Van Slyke analyses 2 cc. blood samples were used. In the svringe 
and the centrifuge analvses only 120 c.mim. were used and therefore these 
methods are nearly 20 times as sensitive as the former. 

The absolute values found tor venous blood in these experiments agree 
almost exactly with the value given for blood aerated at 38° by Van Slyke, 
Dillon, and Margarnia (7) and with the values determined in previous 
experiments by the centrifuge method for anaerobically drawn finger blood 
and saliva (Scholander and bidwards (S 

Notes—-The addition of Winkler’s solution to the residual mitrogen bubble 
has in no case shown anv presence of carbon monoxide, though in some 
tests the carbon monoxide content of the blood was as much as | volume 
per cent. In the absence of ferricyanide, acid alone does not apparently 
enable appreciable amounts of carbon monoxide to be climinated from the 
hemoglobin under the conditions of our experiments. 

Hydrosulfite was used in place of pyvrogallol as the oxvgen absorbent to 
avoid danger of formation of carbon monoxide by pvrogallol in the presence 
of oxvgen. The possible disadvantages of hydrosulfite referred to in our 
previous papers (1, 2) do not arise in this case. 

The monobasic sodium phosphate butter has a lower solubility coethicient 
for gases than the acetate buffer used in the carbon monoxide and oxvgen 


determinations and hence contributes less nitrogen 1a) the 


DISCT SSTON 

‘The results and tests reported this Paper show that the svrimge 
larv technique is quite suited to the determination of the dissolved N, 
content of blood and presumably other biological fluids. [t can thus be 
applied to several problems in respiration physiology. 

Van SIvke and his colleagues (see Peters and Van SIivke have shown 
that a wide range of substances can be estimated by the Van Slvke gaso- 
metric technique by causing thent to enter into reactions in which an equiv- 
alent amount of gas, ¢.g. CO. or is finally liberated. of these 
substances, especially those which are made to vield an equivalent amount 
of gas (¢ 4. aimino N, “gar, rodates, and sulfates) can probably be 
estimated also by the svringe-capillary technique. Sandkuhle, Kirk, and 
Cunningham (9) have recentlh deseribed a micro adaptation of the Van 
Slyke manometric apparatus to the determination of amino nitrogen. We 
are at present investigating whether, with modifications of their technique, 


the svringe-capillary can be used for the Sime purpose. 
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SUMMARY 


The svringe-capillary method of Scholander and Roughton is adapted 


with minor modifications to the measurement of the dissolved N» content of 
blood, water, and other fluids. The volume otf fluid required for a single 
determination is 120 ¢.mm., the time of observation is 6 to 10 minutes, 


and the accuracy +0.05 volume per cent. 
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| The svringe analvzer methods for the determination of Ov, CO, and Ne 
(1-4) all depend on the extraction of these gases with COs generated by 
the reagents, and the easy removal of this gas by alkali. The same prin- 
ciple can be applied to the carbon dioxide of the blood only if some gas 
other than COs is used as the extracting medium. We have tried several 
possible gases, e.g. CO, NO, SOs, and Hos, but in each case have met with 
(such serious difficulties that no practicable method with any of them has 
| so far been attained. Carbon dioxide is, by comparison, ideal as an ex- 


tractant for the microestimation of the other blood gases. 

The convenience of the micro svringe method made us loath to abandon 
the possibility of using it for micro carbon dioxide determinations. We 
therefore investigated the feasibility of vacuum extraction in the svringe, 
bearing in mind that minute leakage of atmospheric air would be unim- 
portant since it contains less than O.1 per cent CO... With the technique 
to be deseribed below the leakage is checked and offers no problem. The 
reabsorption of (Os is a special difficulty and it is mainly on this account 
that more skill is needed than in the technique for the less soluble gases. 
The accuracy, as would be expected, is somewhat less than in the previous 


estimations, but in spite of this the method has proved, in our hands, very 
serviceable, 
MAPERIMENTAL 


Apparatus 
lL. The svringe analyzer and pipette with ground tip as described in the 


preceding papers (1-4). 

2. Rubber-tipped wooden plug to seal the capillary during the vacuum 
extraction. The end of a round toothpick is dipped in rubber latex and a 
small drop left on the tip. It is dried, tip downwards, at a moderate tem- 
perature ina drving oven. About | ineh of the coated plug is used (Fig. 
| 

3. Aspacer for holding out the syringe plunger in a fixed position during 


| 
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the vacuum extraction. A piece of light sheet metal about 1.5 em. wide 
and 5.5 em. long is folded into a U-shaped channel. To apply the vaeuum 
one end of the spacer is pressed against the expanded lower end (button) 
of the plunger and the latter is then drawn out until the other end of the 
spacer presses against the butt end of the svringe barrel. The length of the 
spacer is so adjusted as to give a gas phase of about 0.75 ce. in the barrel 
2.8). 

Principle of Method The blood sample and acid butter are vacuum- 
extracted in the svringe by closing the capillary with the rubber-tippe | 
plug and drawing the plunger out to the position fixed by the spacer and 
then shaking for 2 minutes. The vacuum is released by letting in the 
plunger and the volume of gas is measured before and after absorption with 
alkal. Reabsorption of the CO. during the compression is checked by (1) 
using an acid buffer reagent of minimal (OQ. solubilitv, (2) clearing the 


A 


hig. A, rubberized wooden plug for vacuum-sealing the glass cup; spacer for 


keeping the plunger extended in a fixed position during the vacuum extraction 


capillary of liquid betore the shaking begins. When the phinger moves up, 
the whole of the gas therefore goes directly into the well drained capillary, 
so that during the final stages of the contraction, when the pressure of COs» 
is approaching atmospheric, the gas is only in close contact with the minute 
amount of liquid contained in the drainage films on the walls of the capil- 
lary. 

Reagents 

1. ('O.-tree distilled water. (Ordinary water ean be freed of COs. by 
hoiling with a drop of THLSO,. 

2. Caprvle aleohol. 

3. Acid buffer. 95 gm. ot acid sodium phosphate, NaHlyPO,: H.L0, are 
dissolved in 100 gm. of warm water to make an almost saturated solution, 
The strength is about 5 mM, and the solubility of CO: therein is only about 


one-twelfth that in water. 
10 per cent 
5. Glycerol, 
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Reagents 2,3, and 4 may best be stored in 2 or 5 ce. syringes with glass 
tips attached. The glycerol is best kept in a 2 ce. syringe having a No. 20 
needle, the point of which has been ground off. The distilled water may be 
stored in a bottle with rubber tubing and glass tip attached hanging above 
the bench. 

Blood Samples -¥inger prick samples of blood may be obtained anaero- 
hieally by the technique of Mook (5) (see also (6)). If the arm is warmed, 
one can, in this simple way, obtain blood which is practically arterial. 
(See also the svringe technique in Paper [on oxvgen estimation. ) 


Procedure 

|. The clean svringe is taken apart and the water shaken out of the 
barrel and the plunger dried. The rear part of the plunger is lubricated 
with a few streaks of glycerol and returned to the moist barrel. 

2. The cup is filled with distilled water and the latter is drawn one-fourth 
down the barrel and expelled through the cup, leaving the dead space of 
the svringe full of water without trapping any air bubbles. 

3. The plunger is pulled out very shghtly so that the water meniscus at 
the bottom of the cup is lowered 1 or 2mm. down into the capillary. 

la. The blood pipette is held against the opening of the capillary, trap- 
ping a smell air bubble. Phe blood is drawn down very slowly into the 
capillary, the air bubble separating it from the water. 

th. It the blood supply is ample, the quickest procedure is to dry the eup 
with a little cotton on a toothpick and then half fillit with blood, trapping 
the small air bubble in the capillary. The blood is then drawn down into 
the capillary, the top laver being used as a protective against COs, loss. Tt 
the blood is stored in a svringe, it Is convenient to attach a capillary glass 
tip to the nozzle and then, after good mixing and discarding of a few 
drops through the tip, the cup is filled to the mark directly from the sv- 
ringe tip. 

da. With the blood meniscus at the 30 or 35 mark, the pipette is detached 
and the blood in the cup sueked off. The upper blood meniscus is slowly 
moved to the zero mark and the amount of blood read, 6 divisions. 

Sb. As an alternative procedure the blood is moved down to a special 
mark seratehed at 33.3 divisions. With a fine suction tip the upper menis- 
cus is adjusted exactly to the zero mark, the lower minmiseus of the blood 
being simultaneously kept at the 33.3 mark. In this wav exactly one-third 
of the normal pipette load is used and the volume of CO. found has, after 
the usual correction for temperature, ete., simply to be multiplied by 3 to 


vive the CO. content in volumes per cent. 
6. A drop of caprvlic alcohol is deposited on the bottom of the eup and 
the bubble of air above the blood ejected through the capillary with the aid, 
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if necessary, of a piece of fine wire. 2 divisions of caprylic alcohol are then 
drawn down onto the top of the blood in the capillary. The remainder of 
the caprvlic alcohol in the cup is removed. 

7. The cup is filled to the mark with acid phosphate which is then pulled 
down very slowly into the syringe until the upper meniscus ts 2 mm. below 
the bottom of the cup. 

8. The rubber end of the wooden plug is moistened with the phosphate 
buffer and, with a few drops adhering to it, is inserted in the bottom of the 
eup, trapping a small air bubble. : 

9. With the plug resting loosely against the bottom otf the CUD, the air 
bubble is gently screwed up until it touches the rubber tip. The plug ts 
then pressed against the bottom ot the cup, leaving the air bubble in direct 
eontact with the rubber (Fig. 1, A). The free lower end ot the plug Is 
covered by the drop of phosphate. The capillary is kept closed in this way 
during steps (10) to (16) with the left hand. 

10. Fresh glycerol is introduced into the plunger bearing with the right 
hand. 

11. One end of the metal spacer is put in place around the plunger under 
the plunger head, the right hand being used, and is held there with the 
other end sticking out at an angle. ‘The cup end of the svringe is pointed 
slanting upwards and kept upwards during steps (12) to (15) 

12. With the spacer and the plunger button held, the plunger is slowly 
moved out in such a wav that the fluid meniscus under the stopper moves 
down the capillary very slowly and evenly Just as for a reading. When 
the eapillarv and its barrel opening are cleared and drained of the fhud, 
the plunger is drawn slowly out, the free end of the spacer being simultane- 
ously moved in until it rests against the butt of the svringe barrel (Tig. 
#8). 

13. Glycerol is added to the plunger bearing. 

14. The svringe is shaken with the eup end upwards so us to prevent 
anv fluid from blocking the entrance to the capillary. Tt, nevertheless, the 
eapillary should become bridged over, it can be cleared by warming up the 
capillary with the hand. Shaking is continued for 2 minutes. Tn case ot 
foaming the plunger is released so that the fluid and extracted gas are com- 
pressed into the top part of the svringe barrel where there are normally 
residual traces of caprvlic aleohol. When the plunger is drawn out again, 
the foam generally disappears. 

l5a. With the entire capillary free trom fluid, the plunger is pulled out 
slightly so as to allow the spacer to tall out. The plunger is then allowed 
to rise up within the barrel at a controlled but rather rapid specd until the 
lower end of the meniscus is inside the capillary and the pressure of the gas 


is at atmospheric. 
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15b. lf the entrance to the capillary should get bridged by fluid while the 
plunger is being let in, the speed of the plunger must be so adjusted that 
the bridge moves very slowly up the capillary, thus enabling proper drain- 
age to take place. 

16. When the gas bubble is at atmospheric pressure, the plug is removed 
and the upper meniscus moved slowly and evenly to the zero mark. 

17. The capillary is placed for 3 minute in a beaker of water at room 
temperature. It is then removed and dried by light wiping, care being 
taken that the capillary is not handled. 

IS. The volume of the bubble is read, }, divisions, without any unnec- 
essary adjustments, as this may lead to appreciable reabsorption (the 
capillary should have been properly drained during step (12)). If the 
bubble is broken by a bridge, subtract the length of this from the total 
reading. 

19. The cup is filled to the top with water and three-fourths of the latter 
is pulled down into the svringe, forming a laver on top of the blood mixture. 
The bubble is returned to the capillary with water beneath it. Owing to 
absorption of CO. by this washing, the bubble is much shorter. 

20. The cup is filled with 10 per cent NaOH, the cup pointed down- 
wards, and the bubble expelled into the alkah, some of which is drawn into 
the capillary as soon as the bubble is free. 

21. The cup is pointed shghtly down and rotated a few times so as to 
complete the absorption of CO.. Phe svringe is then returned to the verti- 
cul position with the cup downwards and the gas bubble sucked back into 
the capillary. 

22. ‘The temperature of the capillary is again adjusted and the bubble 
volume read, Vo. 

feference should also be made to the deseription of the apparatus, 
procedure, notes, and figures given in Papers [T and IT on Oo and CO 
determination (2, 3), 

Notes The procedure given in steps (3) to (6) Is necessary to secure 
complete drainage of blood down the capillary wall: the caprvle alcohol 
Which follows the blood not only acts as an antifoam agent, but also seems 
to aid in drainage by “picking up” residual traces of blood from the capil- 
larv wall, provided it is sucked down very slowly. Complete drainage is 
essential both for accuracy of blood volume delivery and tor prevention of 
formation ot blood coagula on the walls of the capillary when the strong 


acid phosphate butter is introduced in step (7). 

The tinal volume of blood solution in the barrel is usually about 60 to 70 
eam. and the solubility coefhcient of COs. therem is about 0.12 at 22°. 
Since the volume of the extracting phase is about 700 ¢.mm., the proportion 
of unextracted gas at the end of the shaking 1s onlv 100 & 0.12 K 70/700 = 
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1.2 per cent. The reabsorption of CO, during the compression to atmos- 
pheric pressure is, as shown later, practically negligible in a properly econ- 
ducted determination. 

Owing to the viscosity of the concentrated phosphate butter, bubbles of 
gas must be moved very slowly within the capillary if variable drainage 
errors are to be avoided. ‘The aqueous vapor pressure over the phosphate 
is about 4 mm. lower than over pure water at 22°, but the length of a given 
air bubble is tound to be the same, within error, when measured in the 
capillary over the phosphate and over water. Presumably the effeet of 
the lowered vapor pressure in the case of the phosphate is balanced by 
slightly larger drainage films of this relatively viscid solution on the walls 
of the capillary. 

Calculation and Accuracy of Results ~The COs content of the blood was 
first calculated without allowance tor incomplete extraction of CO. during 
shaking and for reabsorption during compression. 


CO. content so caleulated = (V; — Ve) X¥ f Xk — (1) 


where Vi, and |}. are the respective readings, f is the correction tactor for 
temperature, aqueous Vapor pressure, and barometric pressure (see Peters 
and Van Sivke (7)), and 6 is the volume ot blood expressed as the number 
of capillary divisions. 

Table | gives a series of results on the C¢ » Content of 13 e.mm. of three 
samples of normal venous blood. The spread of dupheates is not more 
than | volume per cent, exeept in one case. The average valies are seen 
to be 1.5 per cent lower than the corresponding determinations on | ce, 
samples by the usual Van Sivke technique, wherem full allowanee is made 
for reabsorption and incomplete extraction. We therefore assume that 
the results calculated by equation | omust be multiphed by an empirical 
factor “7° of 1.015 to allow tor reabsorption and incomplete extraction in 


the svringe technique. Since, as already shown, 1.2 per cent of the total 
(‘() is unextracted, the percentage reabsorbed must only be 1.5 — 1.2 
0.3 per cent. This is only about one-sixth of the reabsorption tactor in 


the Van Slivke technique, wherein, however, the blood solution with which 
the gas phase is in contact during compression has a solubility coefhcient 
for COs about 7 times greater. The final equation tor calculating the CO, 
eontent of the blood is as follows: 

100 


where 2 = 1.015. 
Table II] shows checks by the method of mixtures together with twe 
further comparisons with the Van Slvke method at lower CO. contents. 


| 
| 


>) 


P. F. SCHOLANDER AND F. J. W. ROUGHTON Od 


The mean results only are given, the spread of dupheates again being not 
more than 1.5 volumes per cent. The agreement is again satisfactory. 

From the results of Tables T and If we conelude that a properly con- 
ducted svringe determination is accurate to | volume per cent, which 1s 
quite sufficient for most physiological purposes. We have also carried out 
similar checks with bicarbonate solutions, but less satisfactory results 
were obtained, probably owing to poorer drainage conditions in the capil- 
larv. We have not vet tested the method on plasma or serum. 


TABLE [| 


CO, Content of Venous Blood by Syringe and Van Slyke Methods 
Van Slyke 


Syringe method (uncerrected for 
reabsorption and incomplete extraction syringe 


vol per cent vol. per ceni COs 
5D §. 53.8. 52.8, 53.6, mean 53.2, | 54.1, 54.2, mean 54.1; 1 OL 
9 54.8. 54:2. 55.3, 55.6, mean: 55.0, 54.7, 54.8, mean 34.8, 1.003 
54 . Hs 
56.8. 56.2, 56.8, mean 56.6 5S. 0, mean 1.026 
os.) 1.015 (Menn) 
TABLE Il 
Vean Valucs Obtained hi Vethod of Mirtures 
Syringe method Van Slyke method 
Observed Calculated | Observed Calculated 
vol. per vol. per vol. per vol. per 
¢ cent ¢ (): CO» cent COs 
Sample A, venous blood 54.8 
CO.-poor blood 10.5 10.0 
1 part A + 1 part B $2.6 33.0) 32.4 
Further comparisons of simples 30.4 33.6 


DISCUSSION 


The technique for mierodetermination of CO. in blood requires greater 
attention to detail and more practice than do the micro techniques we have 
previously deseribed for Oo, CO, and No. As hinted in the introduction, 
We hoped that it have been possible to other Vas such as 
CO >SQ., HLS, or NO for extraction of the CO: in place of vacuum extrae- 
tion. All these gases can be generated from appropriate reagents in the 
svringe, and controls have indicated that by using very coneentrated 


acid-absorbing solution for removing them if might be possible to keep 
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the simultaneous absorption of the extracted CO. below 5 per cent. Un- 
fortunately, however, CO, SQe, and NO are only readily generated at pH 
values so acid that objectionable blood precipitates are formed in the sy- 
ringe, Whereas in the case of Hes all the absorbents so far tried produce 
equally troublesome precipitates either of colloidal sultur or of metallic 
sulfides. The problem is not hopeless but our preliminary trials make us 
doubt the feasibility of any method on these lines which would be, in prae- 
tice, anv simpler than the vacuum method deseribed in this paper. 

The principle of using the eapillarv itself to measure the blood volume 
mav also be applicable to the microdetermination of Oo and CQ in blood if 
the capillarv is lengthened so as to include 1OQ instead ot 30> divisions, 
This change would have the advantage of eliminating the need tor capil- 
laries of standard unitorm bore with pipettes enlibrated to match: the 
apparatus would then certainly be cheapened, but if remains to be seen 
how the ease of manipulation would be atfected, 


SUMMARY 


The svringe-capillary method of Scholander and Roughtonm is mrodified 
to permit of vacuum extraction of blood mixtures in the svringe. In this 
wav the CO. of the blood, after addition of concentrated acid butter, is 
evolved and measured in the ecapillarv. The volume ot blood tor a single 
determination is only 13 e¢.mm., and the time required is 6 to LO minutes. 
The accuraeyv is about +1 volume per cent, which iw adequate for most 


physiological purposes, 
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We have been investigating the rdle of trioses as intermediates in carbo- 
hvdrate metabolism. One phase of the problem was to determine whether 
there exists in blood a measurable quantity of dihvdroxvacetone. 

Review of the literature revealed several methods of estimating dihy- 
droxvacetone in blood, and these were first examined. None proved satis- 
factory (15). 

Campbell (6) introduced reduction of an acid phosphomolyvbdie acid 
reagent and determined the reduction by an end-point with KAInNO,. His 
method was found satisfactory by MeClellan (7) and by Spoehr and Strain 
(SS). Tlowever, Campbell found that other substances in blood brought 
about reduction in his reagent and he corrected this by the use of a large 
blank. 

We have revised Campbell’s method by removing some reducing com- 
pounds, determining the reducing values of an arbitrary hypothetical blood 
filtrate, snd using an oxidizing agent which gives a clearer end-point. 


Method 


Phosphomolybdre acid is made up according to the directions of ¢ ‘ampbell, 
except for filtration of the solution before the phosphoric acid is added. 

Ceri sulfate is prepared tresh daily trom 0.1377 N solution (9). 

Procedure for Blood Filtrate— The blood filtrate is prepared according to 
the method of Folin and Wu (10). To 5.0 ml. of filtrate in a 15 ml. centri- 
fuge tube is added 0.3 gm. of powdered silver sulfate with thorough mixing. 
This is then centrituged 10 minutes at 1500 mil. of the supernatant 
are pipetted into a similar tube and treated with 0.08 ml. of saturated 
sodium chloride solution. After centrituging for 10 minutes at 4500 k.poM., 
Soil. of the supernatant are pipetted into a 22 &* 200 mm. test-tube. 3 mil. 
of the phosphomolvbdie acid reagent are added to this. After mixing by 
shaking, the tube is placed in a boiling water bath for 15 minutes, then 


* Research paper No. 4, Neuropsvehiatric Research Unit, Veterans Administra- 
tion Facility, Northport, New York. Published with the permission of the Medical 
Director of the Veterans Administration who assumes no responsibility for the views 


expressed herein. 
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cooled in running water. The blue solution is titrated to a colorless end- 
point with ceric sulfate, a micro burette graduated in steps of O.OL mil. being 
emploved. 

DISCUSSION 

Campbell deducted trom his dihyvdroxvacetone value a blank of 5.00 mg. 
per cent. We have reduced this to a value of 1.31 mg. per cent, in the fol- 
lowing manner. 

Removal of Ergothioneine— Since blood filtrates are prepared by tungstic 
acid precipitation of whole blood, they must contain all the ergothioneine 
originally present in the ervthroeytes.  Behre and Benedict (11) use silver 
lactate to coprecipitate chloride, uric acid, and ergothioneine. Silver ergo- 
thioneine can be dissolved only in the presence of evanide ion, so that its 
removal in the presence of chloride is quantitative. We employ silver 
sulfate to precipitate ergothioneine and remove excess silver with sodium 
chloride. 

Color Development With the Miller-Tavlor reagent (5) 400 mg. of ghu- 
cose give a reducing value equivalent to mg. of dihvdroxvacetone. 
ever, the reducing value of dihydroxvacetone for the reagent was so low as 
to be untavorable to the estimation of minute concentrations of the triose, 
The glucose-triose ratio, when phosphomolybdic acid was used, corresponded 
to the values reported by Campbell. Tle tound that 179 me. of glucose had 
the same reducing power as | mg. of dihvdroxvacetone, comparable to our 
ratio of IWl:1. Furthermore, the reducing value of triose for this reagent 
was favorable in that 50 y required 2.740 mil. of 0.001102 \ ceric sulfate in 
the final titration as against 0.462 mil. with the Miuller-Tavlor reagent. 

Titration- For the titration of dihvdroxvacetone, the volume of O.OL ~ 
permanganate required in Campbell’s method would be in the range of 0.01 
to 0.03 ml. Few laboratories are equipped with microburettes capable of 
giving consistent titrations in this range. We attempted the use of 0.001 
to 0.005 N permanganate to permit more accurate volumetric measurement, 
but the end-point was obscured by the slow reduction of the permanganate. 
This was overcome by the use of ceric sulfate us an oxidizing agent. Never- 
theless, at the dilution used, caution must be exercised near the end-point. 

10.98 ml. of O.0OOL N ceric sulfate were found equal to 0.2 mg. of dihvdroxy- 
acetone as compared with Campbell’s value of 11.40 ml. The recovery 
experiments on dihydroxvacetone are presented in Vable IT. The dihy- 
droxvacetone was a tresh preparation purchased from Professor Under- 
kofler (12) of Towa State College. 

Since there are substances other than dihydroxvacetone in the blood that 


are capable of reducing the phosphomolybdic acid reagent, and since no wav 


has been found to etfect their removal, it becomes necessary to study their 
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effect on the determination when present in normal quantity. A hypo- 
thetical blood filtrate of known composition was prepared as shown in 
Table II. 

When a determination of dihvdroxvacetone was made on this filtrate, it 
was found equivalent to 1.381 mg. per cent of dihvdroxyacetone. This we 
selected as a constant value to be deducted from the total reducing sub- 
stances determined as dihvdroxvacetone. 


TABLE | 


Recovery of Dihydroxyacetone in Blood Filtrates 


Dihydroxvacetone added per ml. Dihydroxyacetone increase in ml. Per cent dihydroxyacetone 
blood of blood recovery 
Y 
20) 21.0 105 
50 $8.0 | 46 
122 
5d 115 


TABLE II 
Constituents Present in Hypothetical Blood Filtrate 


Substance Substance 
me. percent me. percent 
Glucose SO) Creatinine. . ] 
rea 25 Lactic acid..... 10 
Pyruvie acid Glucuroni¢ acid... 20 
Creatine Glutathione 20) 
Acetoacetiec acid. | 


The following equation is emploved for the calculation of dihydroxyace- 
tone in blood filtrates. 
(MI. for unknown minus ml. for blank) X 6.08) — 1.31 = mg. % dihydroxy- 
acetone 
The factor 6.08 was determined thus: 


- <-— = §.08 
3 


where 200 is the dilution factor per unit volume of blood filtrate, 54.8 equals 
the number of ml. of 0.001102 ~ ceric sulfate equivalent to 1 mg. of dihy- 
droxyvacetone, and 5/3 is the ratio of initial to final volume of test solution. 

We have examined the blood of two healthy men, fifteen manic-de- 
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pressives, eleven schizophrenics, and ten epileptics. In no instance was the 
dihydroxvacetone concentration greater than 0.7 mg. per cent. 


SUMMARY 


An improved method for the determination of dihvdroxyacetone is pre- 


sented, based upon the procedures of Campbell. 


The concentration of dihvdroxvacetone in the blood of healthy men and of 


men suffering with various types of psvchoses is less than 0.7 mg. per cent. 
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At least three general methods have been used for the determination of 
acetaldehvde. In one of the oldest the oxidation of acetaldehyde to 
acetic acid by Nessler’s solution was utilized, the metallic mercury liberated 
being combined with iodine, and the excess iodine titrated (1,2). Another 
general principle has been to titrate the hydrochloric acid liberated from 
hvdroxvlamine hydrochloride coincident with the formation of acetal- 
doxime (3). The bisulfite-binding power, either directly (4) or in con- 
junction with silver oxide treatment (5), has also been utilized. These 
methods not only lack specificity but also sensitivity, requiring large 
amounts of sample for determination of acetaldehyde in biological fluids. 

The method to be deseribed involves the distillation of a tungstie acid 
filtrate of blood or tissue in a simple all-glass unit (see Fig. 1) and collection 
of the acetaldehyde in bisulfite solution. The p-hvdroxybipheny! color 
reaction, with the increased sensitivity afforded by the conditions suggested 
by Barker and Summerson (6), is emploved to determine the acetaldehyde. 
An amount of acetaldehyde ranging from 0.2 to 2.0 y per ml. of distillate 
can be measured with an accuracy of +2 per cent. 

Reagents and Standard 

|. 10 per cent sodium tungstate and N sulturice acid. 

2. Approximately 2 per cent sodium bisulfite (freshly prepared). 

3. 5 per cent copper sulfate. 

!. o.p. sulfurie acid, sp. gr. 1.84. This reagent must be carefully pro- 
tected from contamination. It is most conveniently dispensed from an 
all-glass, pressure-filled burette with a greaseless stop-cock. 

5. p-Hvdroxvbiphenvl reagent. 1 gm. (lMastman) is dissolved in 25 mil. 
of hot 2 ~ sodium hydroxide, and before cooling 75 ml. of water are added. 
This reagent, stored in a brown bottle, keeps for several months. 

Paraldehyde Standard—Paraldehyde and acetaldehyde, weight for 
weight, were found to vield equal color intensities. Since paraldehyde can 
be obtained pure, has a specifie gravity of 0.995 at 25°, and has a relatively 
high boiling point, it is ideal for use as a standard which can be prepared 
quickly by volumetric means. 

Stock Solution —Exactly 1.0 ml. of redistilled paraldehyde (Merck) at 


DSO ACETALDEHYDE IN BLOOD 


25° is dissolved in SOO to 900 ml. of distilled water and diluted to 1 liter. 
This stock solution contains 1.0 mg. of paraldehyde per ml. and retains its 


strength in a glass-stoppered bottle in the ice box for at least 2 months, 
Working Standard—1 ml. of stock is diluted to 500 ml. with water to give 
a solution containing 2.0 y per ml. 


* lomad. 


Fie. 1. Distilling unit This apparatus may be purchased from the Macalaster 
Bicknell Company, 243 Broadway, Cambridge, Massachusetts 


Proce dure 


| volume of freshly drawn blood is delivered into 7 volumes of cold 
distilled water in a test-tube, followed by | volume of LO per cent sodium 
tungstate and | volume of ? N sulfuric acid. The tube is tightly stoppered, 
inverted several times to mix, and allowed to stand in an ice bath tor 5 to 
10 minutes. The stoppered tube is centrifuged for 15 to 20 minutes. 
The decanted clear filtrate retains its acetaldehyde strength in a stoppered 
tube in the ice’ box for 2 days. A measured portion ‘of filtrate (usually S 
ml. or made up to 8 ml.) is placed in the distilling flask with a clean quartz 
pebble and the flask attached to the unit. The end of the condenser tube is 
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arranged to dip below the surface of 2 ml. of 2 per cent sodium bisulfite con- 
tained in a 256 ml. graduated evlinder (glass-stoppered) which is. partly 
immersed ina beaker of ice mixture. The solution is distilled at moderate 
speed (total distillation time approximately 2 minutes) to vield a total of 
5.0 mil. in the collecting eviinder. condenser ts litted trom the solution 
toward the end of the distillation and approximately the last 0.5 ml. of 
distillate collected to rimse the condenser. The exact adjustment to 5.0 
ml. can easily be made during this pertod or atter removal of the evlinder 
from the water bath. The contents of the evlinder are thoroughly mixed. 

A 1.0 ml. aliquot of the distillate is delivered into a 200 K 25 mm. 
Pyrex test-tube containing 0.05 ml. of 5 per cent copper sulfate. The tube 
is placed in an ice bath and exactly S.O mi. of sulturie acid are added slowly 
and with constant shaking. 0.2 ml. of p-hydroxvbipheny! reagent is de- 
livered close to the surface of the liquid and the precipitate evenly dispersed 
by gentle rotation. The tube is allowed to stand for | hour at room temper- 
ature or for > hour at 30° with occasional mixing, after which the tube is 
placed in a boiling water bath for 14 minutes. Upon cooling, the intensity 
of the purple color is read i a photoelectric colorimeter or spectrophotom- 
eter at 560 mu. 

A blank solution used in the rererence cell is prepared simultaneously with 
the unknown, starting with oml. of water. Sueeessive analvses of a 
standard amount of paraldehvde vield a constant color intensity, but 
itis desirable to imelide oceasionally a tube contaiming | (2 y) of the 
working standard tor cheeking purposes. 

Considerable variation the details of the distillation process is per- 
missible, Collection of distillate equivalent to one-fourth of the volume 
distilled insures recovery of all the acetaldehwde; hence in the collection of 
3 ml. of distillate, as much as 12 ml. of sample may be distilled. Tf less 
than | y of acetaldehyde is expected, it is desirable to colleet less than 3 ml. 
of distillate; an S mil. sample may, for example, be distilled into | om. of 
bisulfite and 2 ml. of distillate collected. A 1:5 tungstie acid filtrate is 
useful in the case of verv low blood acetaldehvde values. In order to de- 
termine the extremely small amounts of acetaldehyde in normal blood, sue- 
cessive portions of filtrate mav be distilled into the same receiver (con- 
taining Water instead of bisulfite) and the combined distillates redistilled., 
In this Wav rapid concentration of the acetaldehyde is attained. 

If too much acetaldelivde is found during color development, the remain- 
Ing distillate may be appropriately dilttted. In the case ot the Coleman 
spectrophotometer Which we have used, 2.5 y of acetaldehvde are the 
maXximtm amount whieh can be measured satistactoriiv. This limit must 
be determined for the particular instrument emploved from the character- 


istics of the transmission-concentration curve, 
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Testing of Method 


A standard curve may be constructed with a 1.0 ml. sample of different 
concentrations of paraldehyde, and the color developed according to the 
previous directions. With a blank prepared from | ml. of water as a 
reference solution, a straight line is obtained relating the log of the absorp- 
tion at 560 my to the amount of paraldehvde (see Fig. 2). This relation is 
a rehable reference for further unknown determinations and need only be 
checked occasionally or when new reagents are emploved. 

The presence of bisulfite does not affect the color intensity. 

Distillation Recoveries Various quantities of acetaldehyde were distilled 
into bisulfite, and the acetaldehyde determined in the distillate and in an 


equivalent sample of the solution distilled.  Pereentage recoveries were 


hic. 2. Relation between log of light absorption at 960 my and concentration of 
acetaldehyde. 


calculated by comparison of these two determinations, and are reeorded in 
Table I. 


A 95 to LOO per cent recovery is obtained by distilling amounts of acetal- 


dehyde ranging from 1 to 60 y. Distillation of one-tenth of the contents | 


of the distilling flask removes all the acetaldehyde from the flask, but 
collection of one-fourth of the volume distilled is necessary to rinse the 
condenser adequately. The use of bisulfite is mot essential when small 
amounts of acetaldehyde are collected, but prevents losses with larger 
amounts and is in general useful to prevent volatilization of the acetalde- 
hvde. 

Recovery of Ace Blood The PCCOVOTY Ot acetaldehyde added 
to blood has been tested by replacing the water required during depro- 
teinization by acetaldehyde solution. After distillation, the amount of 


acetaldehyde in the distillate was compared with the same amount sim- 
larly diluted with water but not distilled. \ 94 to 99 per cent recovery 
was obtained with amounts of acetaldehyde ranging from 1.5 to 20 y per 
ml. of blood, with either a 1:10 or 1:5 tungstie acid filtrate. Similar re- 
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eoveries Were obtained after acetaldehyde was added to homogenates of 
brain and kidney, provided immediate tungstic acid deproteinization 
followed the addition. 

Of greater importance to the testing of the recovery procedure was the 
use of different amounts of blood containing acetaldehyde as the result of 
saleoholism. Blood from individuals who had consumed sufficient alcohol 
to reach a blood alcohol level of 100 to 180 mg. per cent contained from 
0.7 to 14 mg. per cent of acetaldehyde. Acetaldehyvde determinations 
were made on such blood, starting with different portions of blood but with 
the same total volume during deprotemization. In spite of wide variations 
in the proportion of blood to total volume during deproteinization, the 


TABLE | 
Distillation Recoveries of Acetaldehyde 
Sil. of solution were distilled, collected in 2 ml. of 2 per cent NalfSOs; final vol- 
ume of the distillate, 3 mil. 


Experiment No Distilled Recovered Recovery 
per cent 

1.12 1.07 

2 4.4 4.3 Gs 

4.45 4.35 Q7 

4.48 4.39 QS 

5 

56.0 52.5 93 


*Ioml. of 10 per cent NasWO, + | ml. of 3? N H.SO, in the distilling flask. 
i Collected in 2 ml. of water. 


results in terms of mg. per cent of acetaldehyde in the blood agreed within 
per cent. 

Stability of Acetaldehyde in Blood) ~Acetaldehyde is not completely stable 
in Whole blood. There was no observed decrease in that added or natu- 
rally present in the course of 20 minutes in an ice bath, but a 40 to 50 per 
cent decrease occurred during 14 hours standing in the ice box. This 
change is not due to volatilization but probably to cellular metabolism, 
since only a 6 to 1O per cent decrease occurred in the separated plasma. 
Blood for acetaldehyde determination should therefore be deproteinized 


soon after collection, 

Specificity of Method ~The distillation procedure eliminates interference 
by a variety of non-volatile substances. There appears to be no inter- 
ference by substances found in the usual concentration in tungstic acid 
blood filtrates, but further investigation was made of possible interference 
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by substances which might be added in a study of acetaldehvde metabolism 
of isolated tissues. Alcohol, as much as 2000 y in the distillate, vields no 
eolor in the acetaldehyde method. The same amount of glicose distilled 
from an alkaline solution vielded a slight green color, but did not interfere 
When present in an acid distilling mixture. A similar quantity of lactate 
distilled trom acid solution vielded a shght color and pyruvate even more, 
but caused no interterence when distilled from alkaline solution. The 
recovery of acetaldehyde was not affected by distillation from a slightly 
alkaline solution. Neither ghicose, lactate, nor pyruvate in such excess in- 
terftered when distilled from a solution of 6.5 to 7.0. \cetvimethvl 
earbinol, acetone, or 2.3-butvlene glveol does not intertere 

Diacetvl interteres with the method, 15 y vielding a color equivalent to 
ly of acetaldehyde. It develops, however, a green color and i known to be 
present in intertering quantities can be destroved by preliminary treatment 
with periodic acid without affecting the acetaldehwde.  Paraldeliwde and 
formaldehyde are both volatile and seriously intertere with the method, the 
latter vielding an abnormal green color. 

Normal Acetaldchyde in Blood Vhe normal tree acetaldehyde content of 
blood appears TO be Very small, lor accurate determination it was neces- 
to distil three successive portions ot | filtrate prepared trom 12 ml. ol 
blood with a redistillation of the combined distillates, to vield a small 
volume of sufficiently concentrated solution. Phe blood of seven tasting 
individuals contaimmed trom 0.022 to 0.037 mg. per cent of acetaldehyde. 
‘Test analyses of such an amount added to blood indicated a Gl per cent 
recovery. 

Handovsky (7) and Cree and Chaikotf (S) reported much higher valttes in 
the range of 0.2 to 0.6 mg. percent, while Supmiewsk? (2) reported a valie of 
approximately O.O4 mg. per cent of tree acetaldehyde in dog and rabbit 


blood. 


Bound” le hye 


Barker (9) noted that a copper-lime treatment of blood or red cells 
liberated acetaldehyde. It amounted to 2 to lO mg. per cent in different 
species, No claim was made as to the significance of this acetaldehyde, but 
It Was considered necessary in this study to investigate further this “bound” 
form and to determine whether it was related to the free acetaldehyde in 
blood. A tungstic acid treatment of the copper-lime filtrate vielded = a 
solution which could be distilled, and the method desenbed in this paper 
applied. [It was found that the amount of acetaldehyde liberated from 
human blood by this treatment depends on the dilution of the blood, con- 
centration of reagents, and especially the time and temperature of copper- 


lime treatment. Values as high as 90 mg. per cent were finally obtained 
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by treatment of the copper-lime mixture ina boiling water bath. Addition 
of acetaldehyde to the copper-lime mixture indicated only a 50 to 60 per 
cent recovery; so that even larger amounts of bound acetaldehyde in blood 
are probable. Finally it was found that even crystalline horse hemoglobin 
vielded 3 to 4 mg. of acetaldehyde per gm. upon treatment with hot copper- 
lime. No further investigation was made of this interesting observation, 
since it seemed obvious that this had little to do with acetaldehyde metab- 
olism, but rather was due to a liberation of acetaldehyde from certain 
components of the protein. “There was no indication of any increase in 
this fraction during the elevation of free acetaldehyde in blood during 


aleoholism. 


SUMMARY 


A sensitive method tor the determination of free acetaldehyde in blood 
and tissues is deseribed. It involves a simple distillation of a tungstie 
acid filtrate into bisulfite, and estimation of the acetaldehyde by the 
p-hydroxvbipheny!| color reaction. The possible interterence of various 
other substances was investigated. The method as deseribed is particu- 
larly suitable for the determination of acetaldehyde coneentrations of 
vreater than O.) me. per cent, but can be modified to measure lower con- 
centrations. 

The so called “bound” acetaldehyde liberated from blood by copper- 
lime treatment appears to be concerned only with components of the 
protem molecule, since it is also liberated from: crvstalline hemoglobin. 
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THE DETERMINATION OF SODIUM DEHY DROISOAN DROS- 
TERONE SULFATE IN WATER OR URINE* 
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From the Department of Pediatrics, Harvard Medical School, and the Children’s Medical 
Service, Massachusetts General Hospital, Boston) 


(Received for publication, Mareh 12, 1943) 


ln a previous communication (1), it was shown that hydrochloric acid 
hvdrolvsis has a markedly injurious effeet upon the unconjugated and 
essentially water-insoluble urinary 17-ketosteroid, dehydroisoandrosterone. 
The present paper extends these observations to show that such hydrolysis 
has an equally undesirable effect upon a conjugated and water-soluble 17- 
ketosteroid, sodium dehvdrotsoandrosterone sulfate. This substance has 
been isolated trom human urine by Munson, Gallagher, and Koch (2). 
Another compound, sodium androsterone sulfate, has also been isolated 
from the urme of aman with a testicular tumor by Venning, Hoffman, and 
Browne (3). They noted that acid hydrolysis of this compound caused 
both destruction of the 17-ketone group and dehydration ot the 3-3-hydroxv1 
group of the steroid) molecule. The present paper describes an analytic 
procedure whereby dehvdroisoandrosterone added to water or urme as 
sodium dehvdroisoandrosterone sulfate can be recovered unchanged. Data 
substantiating the validity of the analvtie procedure are presented. 


Preparation and Hydrochloric Neid Hydrolysis of Sodium Dehydroisoandros- 
ferone Sulfate 


Pri paration of Pyridine hydrovsoandrosteron Sulfate The procedure 
emploved was similar to that used by Sobel and Spoerrt (4,5) in the prep- 
aration of cholesteryl sulfate. 100mg. of pyridine sulfur trioxide, prepared 
trom chlorosultonie acid and pyridine, were added to a solution of 100 mg. 
of ervstalline dehvdroisoundrosterone in ce. of benzene. 
The mixture was heated at 72> for 90 minutes, cooled, and poured into LOO 
ce, of petroleum ether.  Atter it had chilled overnight, the white solid 
Which had precipitated was collected, dried, and dissolved in 3 ce. of chloro- 
form. Phe chloroform solution was cooled and filtered to remove any 
remaining pyridine sulfur trioxide. of petroleum ether were added 
to the chloroform filtrate. Phe heavy precipitate (povridine dehyvdroiso- 
androsterone sulfate) which formed was collected on a filter and dried. 
Yield 87.5 m.p. 194-195°. 

‘This work was supported by a grant from the Commonwealth Fund of New 


York. 
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Preparation of Sodium Dehydroisoandrosterone Sulfate This substance 
Was prepared by dissolving 87.5 mg. of pyridine dehydroisoandrosterone 
sulfate In a minimum amount of water and adding 15 ce. of a saturated 
aqueous sodium chloride solution. A floceulent white precipitate (sodium 
dehyvdroisoandrosterone sulfate) This was collected on filter 
and washed with chloroform. The precipitate was then reervstallized 
trom methanol-chlorotorm four times, vielding 382 mg. of material, m_.p. 
192-193°. An additional 35 mg. (m.p. were recovered trom the 
mother liquors, 

The material was further characterized as tollows: (a) It was found to 
contain 5.63 per cent sodium! (ealeulated, 5.90 per cent). (4) By color. 
metric assav with the absolute aleoholm-dinitrobenzene-WKOH reagents 
(Zimmermann reaction) (6 8) the material was found to be 71 per cent 
l7-ketosteroid (caleulated 74 per cent). (¢) Barium chloride hydrolysis 
of the material vielded crvstalline dehvdroisoandrosterone in good vield 
(see below). (7) The material was soluble in water, methanol, ethanol, 
and n-butanol, sparingly soluble in acetone (0.16 mg. per ce.) and ethyl 
acetate (0.07 mg. per ec.), and insoluble in ethyl ether, benzene, carbon 
tetrachloride, and chlorotorm.  (¢) It was tound to be stable in the dry 
state for long periods of time at room Pemperature and tora few minutes 
at 100°” 

Wate ana Huydrochlorive of NSodiiam hydro soandros- 
ferone Sulfate To determine the etfeet of commonly emploved procedures 
for the hvdrolvsis of urmary steroids on the recovery ot sodium dehyvdro- 
isoundrosterone sulfate, a series Of SIN recovery experiments was carried out 
In Which known amounts of ervstalline sodimm dehvdroisoundrosterone 
sulfate were added to water or to aliquots of urme, the total and 3 hyvdroxv- 
17-ketosteroid content of which had been determined. The conditions 
of hvdrolvsis, the type of extraction, the amount of sodium dehwvdroiso- 
androsterone added, and the recovery of total and of 3-17-ketosteroids are 
givenin Pable The colorimetric assay methods used for determinations 
of the total and the 3-hvdroxyv neutral 17-ketosteroid content of the ex- 
tracts have been described previously (7 9 

experiment Table T indicates that conjugated dehwdroiso- 
androsterone sulfate tended to hydrolyze to an unconjugated 17-ketosteroid 
In simple aqueous solutions. “Vhis hydrolysis occurred even at relatively low 
temperatures (5°, Experiment and was accelerated by heating to 100° 
(experiments 1. C to However, the maximum vield of unconjugated 

are indebted to AL for the sodium determination which was 


carried out secording to the direetions of Butler and Puthill oo 


There is an error | of the by Palbot. Berman. and MaeLachlan (9). 


Qn the second and third lines trom the bottom of the page kath should read Foyt k 
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17-ketosteroid after this tvpe of hydrolysis was but 58 per cent of the 


theoretical vield. 


The addition of hydrochloric acid to aqueous solutions 


of sodium dehvdroisoandrosterone sulfate (experiments 2, A to C) ae- 
celerated the hydrolvsis but did not improve the vield of unconjugated 
17-ketosteroid (maximum, 50 per cent, Experiment 2, A). 


‘TABLE 


Recorve ry of Total and of 3 Hydroxy-17 ketosteroids afte r Water or H ydrochlorie Acid 
Hydrolisis of huydroisoandrost Sulfate 


Conditions of hydrolysis 


Total 17- 
‘tosteroids 


8-17- 


Ketosteroids 


Expert Type of 
ment extrac SO, 
NO Water trated tion” addedt | Deter- rhe Deter 
or urine HC} Duration mined | Ore! mined 
added | ature ical icalt 
1, A Water 100) None 21 davs 1.0 
1) LOU) 100 hrs. 2.9 5.0 
100; 15 lO main. 13.6 0) 
LOO davs RS 5.0 
100; 15 24 4.2 1.0 
Urine | 600) main. None: 2.9 
\ it) 5-38 10.9 3.9 
1A 500; 7d 1) None, 2:¢ 
\, BOO: 74) ty 7.0 9.9 


| indieates that the aliquot was independently hvdrolyzed and then extracted 


with 


tracted with ( he according Lad procedure outlined elsewhere (1 


Sodium dehvdrotsoundrosterone sulfate, 


S. indieates that the Wiis hvdroly zed amd ex 


The theoretient viailtles represent thre of the control ote rmination iwater = 
+ 


{) and the 


orf ervstalline sodium dehvadrotse sulfate added the 


aliquet prior to hydrolysis and extraction 


terone in enel meg 


of sodium delivdrorsojane 


| 


Le ees 


There is 74 rie dehvadrotsoandros- 


Partie 


sulfate, 


Approximately similar results were obtained atter sodium dehydroiso- 
androsterone sulfate was added to aliquots of urine (fexperiments 3 to 6). 
On the average, less than 50 per cent of the 17-ketosteroid added as sodium 
dehvdroisoandrosterone sulfate was recovered in the extract as neutral, 
\loreover some of the recovered 17-keto- 


unconjugated 17-ketosteroid. 
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steroid was not digitonin-precipitable (8-6-hydroxy-) like dehydroisoan- 
drosterone, thus indicating greater alteration of the 3-8-hydroxv than of 
the 17-ketosteroid group. There was no significant difference between the 
results obtained when the urines were simultaneously extracted and 
hydrolyzed (Experiments 5 and 6) instead of independently hvdrolvzed 
and then extracted (experiments 8 and 4). 


d | nalytic Proce 


To avoid the alteration of such conjugated steroids as is demonstrated 
above, the following analytic procedure was devised. 

Freshly collected urine is adjusted to pH 7.0 by the addition of sodium 
hydroxide or hydrochloric acid. extraction is then carned out by shaking 
the urine four times with one-eighth its volume of n-butanol in a separatory 
funnel. The combined butanol extract is washed six times with one-twenty- 
fifth its volume of \ sodium hydroxide solution and six times with approxi- 
mately one-twenty-fitth its volume ot N soditum acetate buffer solution 
(pH 5.8). After these washings the butanol should be clear and nearly 
colorless. The washed butanol extract is evaporated to drvness in a vae- 


uti distillation apparatus at a temperature not exceeding 27°. The 
residue is dissolved in lOO ce, of sodium acetate buffer solution (pH 
5.8). 15 ¢@m. of cop. barium chloride are added and the mixture is heated 
Ina boiling water bath tor hours.  Atter ait has been allowed to cool, it is 


extracted by shaking in a separatory tunnel with three 25 ce. portions of 
carbon tetrachloride. The combimed carbon tetrachloride extract is 
washed in a separatory tunnel three times with water and is then distilled 
dryness Cor) ct boiling water bath. The reside Is dissolved 
priate quantity of absolute ethanol. Aliquots of this alcoholic solution 
are assaved for total and 3-alcoholie neutral 17-ketosterords by colorimetric 


procedures deseribed elsewhere (7-0), 


pe riments Substantiating of Procedure 


Hydrolysis of Sodium Dehydrotsoandrosterone Sulfate with Barium 
Chloride Solution —Because of the unsatistactory recoveries in the foregoing 
acid hydrolysis experiments, hydrolysis by means of barnim chloride was 
investigated. For this purpose measured quantities of sodium dehydro- 
isoandrosterone sulfate were added to LOO ce. lots of half saturated barium 
chloride solution. The resulting solutions were heateck in a boiling water 
bath for measured periods of time at 90° or 100°.) After being extracted 
according to the directions given in the analvtie procedure (see above), 
the neutral 17-ketosteroid content was measured colorimetrically. The 


temperature, duration of the hydrolysis, and recovery data are recorded in 
Table II, Experiments 7, 8, and 9. The data indieate that hvdrolvsis in 
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half saturated barium chloride solution at 100° for at least 4 hours results 
in essentially complete hydrolysis of the sodium dehydroisoandrosterone 
sulfate to a neutral, unconjugated 17-ketosteroid, which is recovered satis- 
factorily according to the Zimmermann colorimetric assay. 

During the course of such experiments it was observed that the efficiency 
of the hydrolysis was dependent upon the pH of the barium chloride solu- 


Il 
Recovery of Total and of B-Hydrory Neutral 17-Ketosteroids after Barium Chloride 
Hydrolysis of Sodium Dehydroisoandrosterone Sulfate Added to Water 


Conditions of hydrolysis NaDHA Total 17-ketosteroids 8-17-Ketosteroids 
Experiment SO%4 
No. Tem- Dur added* Deter Theo (e) Deter Theo (h) 
perature ation pH mined  reticalt (f) mined reticalf (7) 
(a) (b) (c) (d) (e) (f) (g) (h) (t) (7) 
hirs. me. me. me me. me. 
100 2 2.0 0.54 
é ] 2.4 0.77 
G0) 4 3:9 1.00 
LOO 4 30.0 1Y.8 44.3 0.90 
13 LOO 4 40.0 20.7 0.94 
10, A LOO 1.0) 2.8 2.9 0.96 2.0; O46 
13 >. | 0.90 2.0 O.SO 
+ 9.0 1.7 5.0 3.9 0.86 
|) LOO 2.6 4.0 0.93 2-0 2.8 0.93 
100 4 6.0 3.7 2.6 O95 2.6 2.4 0.95 
7.0 3.0 3.5 3.0) 3.9 | 0.88 
100 5.4 3.4 O.7S 4.1 1.0 | 0.78 
J 0.53 O.4 3.2 0.11 


* Sodium dehvdroisoandrosterone sulfate. 

r The theoretical values for total and hydroxy neutral l7-ketosteroids were 
found by multiplving the mg. of sodium dehydrotsoandrosterone sulfate added to 
the water prior to hydrolysis (Column d@) by the taetor 0.74. 


tion. Texpermment LOof Table shows that the recovery of total, neutral 
I7-ketosteroids was reasonably satisfactory if the hydrolysis was carried 
out ata pH between 4.0 and 7.0 but was poor at higher pH values. The 
data of experiment 10 also indicate that the recovery of 3-hydroxy-17- 
ketosteroids was satistactory only if the pH was adjusted between the 
narrower range of 5.5 to 6.0. At a lower or higher pH, some alteration of 


the dehvdroisoandrosterone occurred, as a portion of the recovered 17- 
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ketosteroids was not precipitated by digitonin. Thus it appears that pH 
6.0 is optimum for quantitative hydrolysis of sodium dehyvdroisoandros.- 
terone sulfate to dehyvdroisoandrosterone by barium chloride solutions, 

Identification of Dehydrovsoandrosterone after Barium Chloride Hydrolysis 
of Sodium Dehydroisoandrosterone Sulfate “Vo establish the identity of the 
17-ketosteroid recovered after barium chloride hydrolysis of sodium dehy- 
droisoandrosterone sulfate, 54 mg. of the substance were treated as in 
kexperiment 9, VPable Colorimetric assay ot the hydrolvsate recovered 
in the carbon tetrachloride extract revealed the presence of 38.9 mg. of 
17-ketosteroid (theoretical, 40.0 me.). Vo prepare the acetate of this 
material, it was dried and dissolved in | ec. of pyridine. After LO drops of 
acetic anhydride had been added, the mixture was heated under a reflux 
over a boiling water bath for 5 minutes. The mixture was then cooled to 
5° and 100 ec. of ethyl ether were added. Vhe ether solution was washed 
three times with N hydrochloric acid and three times with distilled water. 
The ether solution was then dried with anhwvdrous sodiim sulfate, filtered, 
and distilled to drvness. “The white solid residue was reervstallized trom 
aleohol-water, vielding 35 mg. otf white needles, 
mixed melting point of these needles with an authentic sample of delvdro- 
iIsoandrosterone acetate was 167-168". 

The dehyvdroisoandrosterone acetate thus prepared was reconverted. to 
tree dehyvdrotsoandrosterone by dissolving the acetate in 7 cc. of methanol, 
adding 2 ec. of water containing 40 mg. of potassium carbonate, and heating 
under a reflux for | hour. Phe solution was then extracted with ethyl 
ether which was subsequently washed with water. When the ether solu- 
tion Was concentrated to a small volume, white ervstals formed, m.p. 
146-147°. The mixed melting point of these ervstals with an authentic 
sample of dehvdroisoandrosterone 149°) was 140". 

These experiments appear to establish the identity of the barium chloride 
hvdrolvsate of sodium dehvdrotsonndrosterone sulfate dehyvdroiso- 
androsterone. 

Katraction of Sodium Dehydroisoandrosterone Sulfate fram Aqueous Solu- 
fions with n-Butanol The following experiments were designed to find a 
procedure whereby sodium sulfate could be 
extracted from aqueous solutions such as urme. The solubilitw data 
presented earlier indicated that #-butanol should be a suitable extracting 
agent. “This possibility was substantiated by the facet that the distribution 
ratio of sodium dehvdroisoandrosterone sulfate between equal volumes ot 
n-butanol and water was Q.127.0, 

Sodium dehvdrotsoandrosterone suliate in n-butanol solution tended to 


decompose when the butanol solution was distilled to drvness at approxt- 


mately SO with the aid of a partial vacuum, However, higher vacuum 
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distillation of butanol solutions at temperatures below 27° did not result 


in decomposition of sodium dehvdroisoandrosterone sulfate. Conse- 


quently, in the present studies butanol extracts of water or urine were 
evaporated ino a vacuum distillation apparatus at temperatures not ex- 


ceeding room temperature (27>), 

The efficieney with which n-butanol extracts sodium dehyvdroisoandros- 
terone sulfate from water was demonstrated in two experiments. In these, 
a meusured quantity of the conjugated dehydroisoandrosterone was dis- 
solved ino water. The aqueous solution was extracted four times with 


carery aot Total andoal viral 17 Ketoste roids Butanol Kartraction of 
and Barium Chloride Hydrolysis of 


The results are In mg. per 5090 ce. of urine. 


Total 17-ketosteroids 8-17-Ketosteroids 
Fxperiment No added? 
Determined Theoretical] Determined Theoretical? 

A None 0) 

2.4 1.9 2.0 1.8 
Nom 

7.6 70 6.7 4 
None 

A None 2:3 ye 

LOLS 10.5 10.2 
A None 1.9 1.4 

13 21.49 14.6 17.6 


Sodium dehvdrotsoandrosterone sulfate. 

¥ The theoretical values represent the sum of the control values and the mg. of 
eryvstalline sodium dehyvdrotsoundrosterone sulfate added to the urine aliquot prior 
to butane! extraction and barium chloride hydrolysis. There is 0.74 mg. of dehyvdro- 


isonndrosterone in me. of sodium dehyvdroisoundrosterone sulfate. 


one-eighth its volume ot butanol and the combined butanol extract was 
evaporated to drvness. “The residue was assaved colorimetrically tor 17- 


-ketosterotds. In the first experiment in which 3.0 mg. of sodium dehydro- 


isonndrosterone sulfate were added to LOO ce. of water, 2.9 mg. or OF per 
cent was recovered in the butanol extract; in the second, 2.8 mg. were 
added to | liter of water from which 2.6 mg. or 93 per cent was recovered. 
The reeovered 17-ketosteroid was water-soluble. 

An n-butanol solution of sodium dehvdrotsoandrosterone sulfate could 


be washed four times with one-eighth its volume of normal aqueous ‘solu- 
tions of hydrochloric acid, sodium hydroxide, or sodium acetate butter 
(pH 6.0) without loss of the conjugated steroid trom the butanol. On the 
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other hand, washing such a solution four times with one-eighth its volume 
of distilled water resulted in a 6 per cent loss of sodium dehydroisoandros- 
terone sulfate from the butanol to the water. 

Recovery of B-Hydroxy-17-ketosteroid (Dehydroisoandrosterone) by Barium 
Chloride Hydrolysis of Butanol Extracts of Urine—Five | liter pools of fresh 
adult urine were obtained. Each pool was divided into two equal aliquots. 
‘To one of these aliquots a measured quantity of sodium dehydroisoandros- 
terone sulfate was added. Each aliquot was then treated according to 
the directions outlined under “Analytic procedure’ (see above). The 
results are given in Table IIT, where the arrangement of the analytic data 
corresponds to that of the preceding tables. 

Experiments 11 to 15 of Table III show that neutral 17-ketosteroids 
were recovered from the freshly voided urine of normal adult men and 
women. A variable proportion of these endogenous 17-ketosteroids was 
digitonin-precipitable. It would also appear that, within the limits of 
experimental error, almost all of the sodium dehydroisoandrosterone sulfate 
added to the urine prior to butanol extraction was recovered as a 8-hvdroxy- 
\7-ketosteroid after barruam chloride hydrolvsis of the extract. 


(‘omments 


The available evidence from previous (1) and the present experiments 
indicates that hydrochloric acid hvdrolvsis severely damages both uncon- 
jugated water-insoluble dehydroisoandrosterone and water-soluble sodium 
dehyvdroisoandrosterone sulfate when extraction with an organic solvent is 
carried out independently. On the other hand, simultaneous hydrolysis 
and extraction do not alter unconjugated water-insoluble dehyvdroiso- 
androsterone (1), but do decompose the dehyvdroisoandrosterone of the 
conjugated water-soluble compound. ‘These findings lead to the conclusion 
that acid hydrolysis damages the conjugated dehyvdroisoandrosterone be- 
fore hydrolysis to the unconjugated form has rendered it soluble in carbon 
tetrachloride. If this is so, it is difficult to imagine steps by which destrue- 
tion of the conjugated material by acid hydrolvsis can be avoided. 

In contrast to hydrochloric acid, barrum chloride appears to be a reason- 
ably satisfactory hydrolytic agent for dehydroisoandrosterone sulfate. 
It was chosen on the theory that dehyvdroisoandrosterone sulfate should be 
hydrolyzed if the sulfate ions were removed from solution by the formation 
of insoluble barium sulfate. Although complete evidence for the accuracy 
of the theory is lacking, the data attest the eficaey of barium chloride as 
a hydrolvtie agent for sodium dehvdroisoandrosterone sulfate. 

Preliminary experiments revealed that appleation of the barium chloride 
hydrolysis procedure directly to urine containing sodium dehvdroiso- 
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androsterone sulfate was unsatisfactory because the recovery of neutral 
3-b-hyvdroxy-17-ketosteroids was poor. Likewise, poor recoveries were 
obtained when this hydrolysis procedure was applied to a water solution of 
dried crude butanol extracts of neutral urine. Urea appeared to be one of 
the urinary constituents which interfered with barium chloride hydrolysis. 
It was then found that when crystalline urea was added to a pure water 
solution of sodium dehydroisoandrosterone sulfate prior to barium chloride 
hydrolysis, ammonia was formed during hydrolysis and the yield of uncon- 
jugated dehydroisoandrosterone was very low. On the other hand, these 
difficulties were eliminated when butanol extracts were washed as described 
in the procedure before barium chloride hydrolysis. Moreover, the res- 
idues and hvdrolvsates of the washed butanol extracts of urine were 
much cleaner than those of crude butanol extracts or of extracts obtained 
after hvdrochlorie acid hyvdrolvsis. 


SUMMARY 


The present paper reports evidence that hydrochloric acid hydrolysis 
destrovs a major portion of ervstalline sodium dehvdroisoandrosterone sul- 
fute in water or urme solution. Simultaneous carbon tetrachloride ex- 
traction during hyvdrolvsis does not prevent this destruction. 

evidence is also presented to show that ervstalline sodium dehvdroiso- 
undrosterone sulfate dissolved in water or urine can be recovered quantita- 
tively as a neutral (dehvdroisoandrosterone ) 
bv hvdrolvzing a washed #v-butanol extract of the water or urine with 
barium chloride. 

A procedure for assaving the dehyvdroisoandrosterone sulfate content of 


irvine is deseribed. 


We are greatly indebted to Dr. erwin Schwenk of the Schering Corpora- 
tion tor generous supplies of dehvdroisoundrosterone and to Dr. Seymour 
Lieberman ot Harvard University for advice in the preparation of the 
sodium dehydroisoandrosterone sulfate. We should like to express our 
appreciation to Dr. Allan M. Butler for advice in the preparation of this 
paper, 
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THE ACID-, BASEK-, AND SALT-BINDING CAPACITY OF SALT- 
DENATURED COLLAGEN 


By EDWIN R. THEIS anp T. F. JACOBY 


From the Biochemistry Division, Department of Chemistry, Lehigh University, 
Bethlehem) 


(Received for publication, Mareh 24, 1943) 


Theis and Steinhardt (1) recently have shown that, when native collagen 
is treated with caleium or magnesium chloride solutions, drastic shrinkage 
of the collagen occurs at low temperatures. It was further shown that 
potassium or sodium chloride las exactly the reverse effeet; 7.e., thev 
actually increase the temperature at which collagen is said to contract. 
The effect of neutral salts upon the acid- or base-binding power of proteins 
has been rather extensively studied but the available literature contains 
some rather conflicting data.  Csapo (2) in 1925 found that the presence of 
salt influenced the combination of the proteins with acids or bases. (Crern- 
gross and Loewe (3) found increased fixation of alkali by hide powder upon 
addition ot neutral salt. Reimer (4) suggested that the salt effeet was 
apparent rather than real and that iW allowance was made for the protein 
influence Upon other salt ions the alkali fixed would be found to be the same 
In the presence OF absence of salts. Cohn, (yreen, and Blanchard (3) inadi- 
cated the titration curve was shifted, in the presence of salts, on both sides 
of the isoelectric point but that the total amount of acid or base fixed was 
unaffected. Atkin and Campos (6) made use of the presence of potassium 
chloride in estimating the aceid- and base-binding capacity of collagen, 
postulating that the netutral salt is necessary for equalizing the internal pl 
within the protein with that of the external solution. Steinhardt and 
Harris (7) and Theis and Jacoby (S) investigated the effect of solutions of 
potassium: chloride of various ionic strengths upon the aeid- and base-bind- 
Ing power of fibrous protems and found that the neutral salt affected the 
slope of the titration curve on each side of the isoionic point but did not 
affect either the maximum acid- or base-binding power or the position of the 
isolonic point of the given protein. Cannan in 1938 (9) showed that the 
titration curves shift in the presence of salt and also appear to pivot around 
the isolome pomt. Later, Cannan, Whibrck, and Palmer (10) found by sub- 
stituting caletim chloride for the potassium salt that the only observable 
effect was a displacement of the titration curve toward a lower pH, to an 
extent imereasing with jomie strength. Vheyv tound the displacements 
eaused by and ions to be identiesl but greater than those due to 
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Beek and Sookne (11) have shown that the treatment of collagen with 
calcium hydroxide suspensions causes the isoelectric point to shift to a more 
acid one. In this investigation use was made of electrophoretic measure- 
ments and thus a true isoelectric point was obtained. Theis and Jacoby 
(12) studied the effect of calctum hydroxide suspensions upon collagen and 
found the isoionic point of the collagen to shift to a more acid zone. The 
shift was more pronounced with long contact with the calcium hydroxide. 

In determining the acid- or base-binding capacity of such fibrous proteins 
as silk fibroin, hair keratin, and collagen, Theis and Jacoby (S) tound that 
the presence of sodium or potassium chloride aided materially in obtaining 
a definite isoionic point. ‘This was not possible with aqueous solution with- 
out the salt. They found that in the presence of potassium chloride, the 
titration curves so obtained approximated those obtammed for certain 
soluble proteins. Steinhardt and Harris (7) in their investigation of wool 
keratin came to a similar conclusion and gave rather conclusive evidence in 
support of their theories. 

Since it had been found that calcium chloride had such a drastic effect 
upon the collagen structure, further investigation was made upon the aeid-, 
base-, and salt-binding capacity of collagen treated wifh various concen- 


trations of calenum and potassium chlorides, 


EAPERIMENTALT 


exactly gm. pieces of collagen were placed in LOO ral. of acid: or base 
solution made sa specified normality with respect to caletum or potassitum 
chloride. 

The acid and base collagen svstems were allowed to attain equilibrium 
at 20°. Vhe equilibrium period tor all solutions in the pil range 2.5. to 
10.5 was 72 hours. At higher and lower pif values, an equilibrium period of 
18 hours was used. These shorter periods at high seid and alkalt concen- 
tration were necessary to minimize hvdrolvsis and protein breakdown. 

After equilibrium had been attained, pil values of the solutions were 
measured by means of a Beckman glass electrode assembly. The collagen 
pieces were then removed, snd pressed several times between blotting papers 
at 10,000 pounds per sq. in. The pieces were am-dried, ground in a small 
Wiley mill to 60 mesh, and were ready tor analysis of nitrogen, acid-, base-, 
and salt-bound. The methods used have been deseribed elsewhere (13), 

The data are shown in Figs. land 2. Fig. lis that pertatning to the acid- 
and base-binding capacitv in the presence of 1.0 ~\ calenim chloride, while 
lig. 2 shows the potassium or caleium chloride bound ter specific normal- 
ities of salt and over a wide pH range. The data may be interpreted as 


follows: 
Curve A of Fig. 1 shows the regular titration curve of the particular native 
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collagen (14) having an isolonic point at 6.5, 4 plateau in the range 
7.9 to 9.5, an apparent maximum acid fixation of 0.85 milllequivalent per 
gm. of collagen, and a maximum base fixation of 0.388 millilequivalent. 

Curve Bot Fig. | shows the acid- or base-binding capacity of the calcium 
chloride-treated collagen. This particular curve indicates a definite iso- 
ionic point of 5.5, a shift of | pH unit to the more acid side; a lessened acid 
fixation in the pH range 4.5 to 5.5; an increased base fixation in the pH 
range 6.5 to 7.5; and approximately the same maximum acid or base fixation 
aus for the untreated collagen. 

Curves A and © of Fig. 2 show the binding of potassium chloride with 
collagen over a wide pH range. In this case Curve A represents an initial 
salt strength of 0.5 x, while Curve B represents that of 0.75 ~N. At the lower 
ionic strength, it is seen that potassium chloride begins to bind at ap- 
proximately pl] 5 and reaches a maximum inthe pH range 7.5 to 9. There 
Is some fixation even at 12.0 Curve indicates a much greater 
salt fixation. This curve shows fixation beginning at 3.5, mereasing 
toa maximum at pH 7, and then decreasing somewhat as the pH further 
Increases, 

Curves Band I) represent data tor calcium chloride fixation. Curve B, 
representing solutions initially O.2 \ with respect to CaCl, shows initial 
fixation at pH 4, maximum values in the pH range 6 to O, and decreasing 
fixation at pH values greater than 9. Curve TD). representing solutions 
Initially O.4 NX with respect to CaCl, shows that salt fixation, begmmning at 
pH 3, rises rapidly to a maximum in the pli range 6 to S and then decreases 
at pH values greater than Vhe maximum salt fixation tor CaCl solu- 
tions of O.6 O.S and 1.0 strength is also shown. 


Ss 


Northrop and Iwunmitz (15) have shown that evelitin does not combine 
with Na* and In? ions on the acid side of the isoelectric point. Upon the 
other hand, these investigators found that gelatin did combine with Cue? 
and Ca’? ions, the amount of fixation approaching a maximum value ap- 
proximately equivalent to the acid fixation capacity of the gelatin. Tardy 
(16), as tar back as 1905, postulated the formation of compounds contaming 
salt and protein chemically combined, Ro + WOT HOOC 

Adolf (17) considered his investigation as proof of this 
theory. Leuthardt (18) suggested that amino acids, peptides, pro- 
teins bind salt through coordination with the amino group of the zwitter 
Anslow and Wing (19) postulate la coordination with the carboxvl group of 


the acidic amino acid: resides, 
The data of the present writers indicate that certam salts are definitely 
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bound with the collagen. Such fixation with potassium chloride has no 
effect upon the isoionie point of the protein but definitely alters the slope of 
the titration curve. Caletum chloride fixation upon the other hand defi- 
nitely changes the isolionic point of the collagen-salt compound as can 
readily be seen from Fig. 1. Theis and Steinhardt (1) have repeatedly found 
that potassium Chloride, 1‘ ionic strength, does not alter in the least the 
shrinkage temperature of the collagen, while calcium chloride of the same 
ionic strength drastically reduces the shrinkage temperature of the collagen. 
Since this shrinkage temperature is said to be in a way a measure of the 
structural cohesion forces, it would appear that calcium chloride fixation 
decreases these forces and causes the collagen chains to “collapse’’ or “melt”? 
upon themselves. Thus it might be said that calcium chloride causes a 
denaturation of the collagen, while potassium chloride does not, and thus 
we might expect a shift in the isolonic point for the calcium chloride-col- 
lagen compound. | 

Curve Bot Fig. | shows the effect of the added CaCl and definitely indi- 
extes a displacement of the titration curve toward a lower pH in the range 
7.5. Cannan, Whibrick, and Palmer (10) claim a parallel displacement 
of the whole dissociation curve when CaCl. is substituted for KCl. They 
explain this displacement as being consistent with preferential combination 
of the protein with one of the ions of the salt. These investigators postulate 
a preferential combination with Cl when KCl is used and a preferential 
combination with the cation when such salts as CaCl or MeCl. are used. 
(ireenberg and Sehmidt (20) have shown that when casein is dissolved in 
solutions of the alkali earth metals the transport number ot the casein ion 1s 
above normal. “They conclude that such data indicate the presence of 
complex metal-containing casein ions, since some of the metallic element ts 
carried in oa direction contrary to its normal path. These investigators 
found that when Ca(OH. was added to casein, some 66 per cent of the 
metallic element had become anionic in character. Northrop and Iunitz 
(15) point out that no calcium is bound on the acid side of pH 3 and that 
this value rises rapidly from pH 38 to 4.7 and then remains constant. The 
present writers found that no calcium is bound at pH values lower than 3 
and that this value rapidly increased trom 3 to 6, remained essentially 
constant to pil and then declined somewhat at greater pT values, 
Northrop and Kunitz believe that the Cat’ ions do not combine with the 
NH groups but with the carboxyl groups, whereas Cu’? ions bind with the 
amino groups of the protein. In the case of gelatin, the carboxyl equivalent 
isabout ma per gem. but for collagen the carboxyl equivalent is approx- 
imately 0.35 mM per gm. (13) and, therefore, the reasoning of Northrop and 


Kunitz may not hold tor collagen. 
Anslow and Wing (19) coneluded that the alkali and alkalt earth metals 
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could form coordinate links with one or both oxvgen atoms of the carboxyl 
group. ‘They were lead to this conclusion from their study of the complex 
erystalline salts formed from amino acids with salts of the alkali and al- 
kah earth metals. 


O 
OH 


The writers have found that both KCl and CaCl. are bound with the 
protein well into the alkaline zone and further that KCl fixation has but 
little effeet upon the isoionic point of the protein, while CaCl, fixation dis- 
places this point toward a lower pH. The writers have also shown that 
CaCl.-treated collagen has contracted and is shrunken, taking on the 
physical characteristics of heat-denatured collagen (14). In the particular 
case of heat-denatured collagen, it was found that the isotonic point had 
shifted to a higher pH value, while the CaCl.-treated collagen showed the 
reverse effect. There exists some difficulty in explaining this difference 
between the two tvpes of denaturation. Cohn, Green, and Blanchard (5) 
have stated that the basic strength of an amino group is diminished by 
‘carboxyl groups and that this is true whether the latter are dissociated or 
not. These investigators maintain that the carboxvl dissociation is. in- 
creased by juxtaposition of other amino and carboxy! groups and that as a 
result the closer the other amino and carboxyl groups, the more acid the 
protein molecule. The reasoning of Cohn, Green, and Blanchard might 
account for the more acid isolonic point of the CaCl.-treated collagen, since 
such treatment causes drastic shrinkage or contraction. Upon the other 
hand, the explanation of Cannan, Iibrick, and Palmer may equally apply. 


SUMMARY 


[tis shown that and CaCl, bind with collagen over a wide range, 
maximum value obtaining in the isoelectric zone. CaCl fixation is 
definitely greater than that for NC! for anv given ionic strength. It is 
further shown that CaCl causes denaturation of collagen, if shrinkage and 
contraction are a measure of denaturation. The tsolomie pomt of CaCl. 
treated collagen is shifted to a lower value, while that tor NC) remains es- 
sentially the same as that for native collagen. 
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THE METABOLISM OF GLYCINE 
STUDIES WITH STABLE ISOTOPE OF CARBON * 


By NORMAN 8S. OLSEN, ALLAN HEMINGWAY, ann A. O. NIER 


(From the Division of Physiological Chemistry, Department of Physiology, and the 
Department of Phystes, University of Minnesota, Minneapolis) 


(Received for publication, April 5, 1943) 


(alvcine is the simplest of all the naturally occurring amino acids ob- 
tained on the hvdrolvsis of proteins, and vet very little is known concerning 
its metabolism. When glycine is fed to animals, it is readily utilized, but 
its intermediary metabolism is still quite controversial. © Experiments with 
tissue slices, perfused isolated organs, and intact animals (under both 
physiological and pathological conditions) have given varied results. 

When the ordinary preparation of glveine is used, conclusions are drawn 
from a study of changes in body constituents, and possibly from appear- 
ance or exeretion of conjugated products. When the stable isotope of 
earbon of mass 13 1s used as a tagged atom in the glycine molecule, one can 
readily ascertain into which compounds the glycine has been transformed 
and in which tissues it has been concentrated. The purpose of this in- 
vestigation was to study some of the possible paths of metabolism of the 
amino acid in question, by labeling the carboxvl carbon of the molecule 
with this stable isotope. 


MNPERIMENTPAL 


Synthesis of Glycine Containing Bacess of Stable Tsotope of Carbon) in the 
Carboxryl Position The available source of the stable isotope of carbon 
was the inert hydrocarbon, methane. Phe methane was burned to carbon 
dioxide and this product was used to carbonate a Crignard reagent, 
C}H,Mel. On hvdrolvsis with acid, an aqueous solution of acetic acid 
containing the tagged atom in the carboxyl group was obtained. The 
anhydrous sodium salt was then formed, and treated with phosphorus 
oxvehloride and then brominated. In order to obtain the free bromoacetic 
acid, the bromoacetyl chloride was hydrolyzed with water. The tree acid 
Was treated with a large excess of aqueous ammonia, and the glycine was 
precipitated by the addition of methanol and reervstallized trom methanol- 


* The experimental data are taken trom a thesis submitted to the Faculty of the 
Graduate School of the University of Minnesota by Normans. Olsen in partial fulfil 
ment of the requirements for the degree of Doctor of Philosophy. 

' Throughout this paper the svmbol C* will be used to indieate the stable isotope 


of carbon of mass 13, 
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water mixtures. The glycine thus synthesized and used in these experi- 
ments had an abundance of 4.34 per cent carbon of mass 13.2) A summary 


of the reactions and yields with 2 gm. samples of methane is given in Table- 


I. The purity of the synthesized glycine was determined by micro carbon, 
hydrogen, and nitrogen (Kjeldahl) determinations; the preparation had a 
corrected melting point (decomposition) of 231°. 


Analysis —Caleulated. C 31.98, H 6.72, N 18.66 
Found, 26.66, 165) 


Biological Experiments— One ot the important problems which suggested 
this study was the conversion of glycine to liver glycogen. “This has been 
a controversial issue since Lusk (1) found a quantitative conversion of in- 


TABLE | 
Summary of Reaction Yrelds 


The isotope of carbon of mass 13 is represented by the svmbol ©*, 


Reaction Reaction yield | Over-all yield 
per ces | ber cent 
CH, + H.... | aS 
+ My — CH,Megl Q5 
CH.MgI + C*0, CH,C*OOH 82 
CH ,C*OOH + NaOH *tOON 
+ POCI, CH;C*OC] st) 
CH;C*OC! + Br. — CH.BrC*tOCl 52 
CH.BrC*OCcl + H.O CH.BrC*OOH 
CH.BrC*OOH + NH, 75 


gested glycine into urinary glucose in phlorhizinized dogs. Maclay and 
his coworkers (2) have found that the peak of glycogen formation from 
glycine occurs 14 hours after ingestion. Using adult male albino mice and 
the procedure described below, we found a peak in liver glvcogen formation 
16 hours after feeding normal glycine by stomach tube. The fasting level 
of liver glycogen, expressed as glucose, was | mg. per gm. of liver, while the 
level at the peak averaged 10 to 14 mg. per gm. of liver. 

Adult male albino mice, Strain A, were fasted for 24 hours. They were 
then put into a closed system and respiratory carbon dioxide was collected 
for 2 hours. At the end of this period they were removed and ted, by 
stomach tube, either water, an aqueous solution of normal glycine, or an 
aqueous solution of isotopic glycine, and were finally returned to the metab- 
olism cage. The animals given water or an aqueous solution of normal 


moles 
2 Per cent = ~ TH) 
moles + moles 
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glycine served as controls for the animals given isotopic glycine. The 
respiratory carbon dioxide was collected in varying fractions throughout 
the next 16 hours. At the end of 16 hours, the animal was removed from 
the chamber and anesthetized with nembutal. The liver was then rapidly 
extirpated, excess blood was blotted off, and the liver was weighed and 
placed in hot 30 per cent potassium hydroxide. Glycogen was determined 
by the method of Good, Kramer, and Somogyi (3). The gastrointestinal 
tract was stripped out, washed, and analyzed. The animal was then cut 
lengthwise along the spinal column, and half of the carcass was placed in 
a weighed tube containing hot 30 per cent potassium hydroxide. The 
tissue glycogen was determined on this half, and the alcoholic supernatant 
fluid remaining after precipitation of glycogen was acidified, extracted with 
petroleum ether, and labeled as the lipid fraction. Some bone remains 
after alkaline digestion; this was washed and saved. The other half of the 
caureass was subjected to thorough dissection, the bone being carefully sepa- 
rated out. In Table IIT the former fraction is labeled ‘residual bone’”’ and 
the latter ‘dissected bone.” ‘The minced residue after dissection was heated 
to the boiling point with a LO per cent solution of sodium tungstate and an 
equal volume of 0.66 \ sulfuric acid was added. The mixture was boiled for 
a period of 5 minutes and the precipitate was centrifuged off on cooling. 
This extraction procedure was repeated three times, a total of 300 ml. of 
sodium tungstate solution being used. The precipitate was dried by heat- 
ing overnight in an oven at 90° and then extracted with petroleum ether 
in a Soxhlet apparatus for 6 hours to remove any lipids. The remaining 
precipitate was called the protein fraction and the tungstic acid filtrates 
comprised the water-soluble constituents. It is recognized that this 
separation is not absolute. 

It was decided that since the mouse was such a small experimental 
animal only gross fractions would be taken. By this technique, if any 
interesting results were found in the large groups, they could be further 
fractionated to discover the individual compound or group of compounds 
responsible for the activity. 

All the fractions were oxidized to carbon dioxide, with the chromic acid 
reagent of Van Slvke and Foleh (4). The carbon dioxide thus obtained 
and also that extracted from the respiratory samples were analyzed in the 
mass spectrometer and the abundance of the stable carbon isotope was 
determined, 


DISCUSSION 


Respiratory Carbon Dioxide ~Vhese data are found in Table IT and repre- 
sent only one of four experiments with isotopic glycine. The total carbon 
excretions were similar to those obtained with normal glycine. ‘The animal 
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was placed in the metabolism chamber 2 hours prior to feeding, in order to 
accustom it to the new environment. It is noted that the excretion of 
‘rarbon dioxide fluctuates during this period. This may be due to the 


nervousness or curiosity of the animal in its new surroundings. After 
the feeding of glycine the excretion of carbon dioxide increased immediately 


and continued for 2 bours and then fell to 2 subbasal level. This increase 
immediately following teeding occurred in every case, in spite of the facet 


I] 
Respiratory Carbon Dioxide 
loach period includes 30 minutes. The respiratory carbon dioxide was determined 
by the Van Slyke manometric technique in duplicate, and is reported as mg. of car. 
bon. The abundance measurements were corrected to the standard, which was 


reagent sodium bicarbonate (Merck), 1.09 per cent C*. 


carbon period recovered from fed 
glycine recovered 
me. per cent percent percent 
2 1.07 
15.41 15.41 
} 14.25 14.25 1.07 
20.95 20.95 1.26 5.8 1.28 iM) 
ri 17.50 17.50 1.28 23 th. 1 16 3.62 
16.31 1.29 6.7 10S 
4-10 22.46 11.23 4d 
20.54 14.07 iis 9.3 2. Y2 9.12 
13-16 45.25 11.31 1.36 lO. 4 13.00 
17-20 OO. 41 12.60 i. Se 70 1.04 12 60 
21-36 211.00 13 6.7 2.68 
‘Total recoveries. 10.56 61.09 


* 125 mg. of glveine, containing $.34 per cent (*, were fed by stomach tube at the 


beginning of this pertod., 


that the animal was almost anesthetized by the intake of a relatively large 
volume of water (1 ml.). That the rise was not due to the intake of water 
alone Was shown by a series of experiments in which the same amount of 
distilled water was fed. In these experiments, a sharp decrease in carbon 
dioxide excretion was found. The increase in carbon dioxide excretion in 
the previous experiments was due, apparently, to some action of the in- 
gested glycine. The abundance measurements showed that the ingested 
tagged atoms were almost immediately excreted in the form of carbon diox- 
ide, and the recovery of the glycine carbon was constant for 8 hours at a 
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level of 2 mg. per half hour period. ‘The total recovery of the ingested C* 
was approximately 50 per cent. In other words, during the 16 hour period 
of metabolism half of the ingested glycine was oxidized to carbon dioxide. 
It is interesting to calculate that the marked rise in carbon dioxide execre- 
tion Immediately following the ingestion of glycine was much greater than 
could be accounted for by the oxidation of glycine as determined by the 
abundance measurements. “This may be evidence of the so called “specific 
dvnamic action” effect of glycine. 


Tasie III 
Body Fractions Other Than Liver Glycogen 
The values given are averages of groups each containing four mice. The rangeis 
indicated by the figures in parentheses. The abundance measurements are averages 
of two and three values, each requiring five to seven readings. 


Norma! glycine Isotopic glycine 
Fraction Recov 
Weight per animal c* Weight per animal ee ee ery 
of 
percent percent percent 
Tissue glycogen (&.8-32.6) 1.8 6.2 (4.0 -6.8) 1.08 | O 
Residual bone 0.6 O.S) (0.5' -0.9) 1.07 | O 
Dissected 1.2 (0.9- 1.6) | (1.0 -2.4) 1.07 | O 
Lipids. . 0.9 (0.6— 1.2) 1.07 -1.2) 1.07 | O 
Proteins (3.4-— 7.8) | 1.68 14.2 (6.2 —8.0) 1.07 () 
Water-soluble constitu | 
ents. 1.08 1.09 | fF 
(iustromntestinal tract 0.098] (0.088-0.110)) 1.11 | 3.2 
Urine and urinary blad- 
der. 0.0577 (0.022-)0.128) 1.37 6.8 


*Me. of glvcogen as glucose. 
+ In one case 9.9 per cent of added C* was recovered. 
t dim. of carbon. 


Various Body Fractions Vhese data are given in Table Ill. It is noted 
that the majority of the fractions isolated contained no more than the 
normal abundance of the tagged atom. In certain substances, such as 
protein and lipids, this tends to be misleading. Since the amount of carbon 
in these fractions is very large as compared with the amount of tagged atom 
fed, there is a chance that a small concentration of the carbon isotope would 
be missed. This might plausibly explain the fact that no activity was noted 
in the protein fraction as one might be led to believe by some of Schoen- 
heimer’s work (5) that some of the ingested glycine would be incorporated 
in this fraction. In one experiment, an excess of the tracer was found in the 
water-soluble fraction. There is also noted a recovery in the gastroin- 


» 
: 
& 
+ 
| 
| 
i 
| 
4 
| 4 
re 


O16 GLYCINE METABOLISM 


testinal tract, and in the urinary fractions. The excess of the carbon iso- 
tope over normal in these fractions may be due to unchanged, unabsorbed 
glycine, or possibly to one or more of the metabolic products. It was im- 
possible to fractionate these portions, as the amounts were quite small, 
Approximately 4 per cent of the tagged atoms was recovered in the urine 
fraction, 3 per cent in the gastrointestinal tract, and 20 per cent in the 
water-soluble fraction. 

Liver Glycogen—-These data are given in Table IV. The glycogen iso- 
lated from the animals fed isotopic glycine (4.34 per cent C*) contained 
significant amounts of the tagged atom, ratios of 1.23 to 1.38 in comparison 
to the normal value of 1.08. Therefore, it can be definitely concluded 
that some of the isotopic carbon from the fed glycine actually went into 


IV 
Liver Glycogen 
In Experiments A through D normal glycine was fed; in Experiments EF through L, 
isotopie glycine, 4.34 per cent C*. Liver glycogen is expressed as mg. of glucose. 


‘eight of Added Added 
Experiment | | ofliver Glucose | C* gecoverea | carbon, | glycine. 
gm. gm. me. per cent per cent me. me. 

A 24.0 1.6 9.8 1.08 
B 23.2 1.9 16.8 1.08 
22.1 1.3 15.1 1.08 
1) 25.5 1.4 10.4 
26.5 2.0 19.8 1.23 1.19 O.4S 1.49 
iH 22.0 13.0 1.29 1.00 0.40 1.25 
J 22.0 7.0 1.38 0.69 0). 28 
L 25.1 1.6 17.2 1.36 1.57 0.63 1.97 


t Isotopic glycine contained 3.80 per cent C*. 


the newly formed glycogen. Calculations can be made which show that 
only a small proportion of the tracer is incorporated into the new molecule; 
| carboxyl carbon from glycine could occur in approximately every 4th 
molecule of glucose. For example, in one experiment a final isotopic ratio 
of 1.29 was obtained. If we attribute all of the excess of C* in the glucose 
to 1 carbon atom, the abundance of that carbon would be 


101.1 100 + X 101.37 


X = 2.35 


However, we know that the carboxyl carbon of the glycine fed was 7.84. 


1.08 7.84 1.29 


y = 29.3 
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Therefore, 1 carboxyl carbon from glycine occurs for every 29.3 normal 
earbon atoms, or every 4 to 5 molecules of glucose. We postulate that, 
besides entering into the liver glycogen to a small degree, the ingested 
glycine in some way promotes the formation of glycogen from other body 
constituents. This view is not new, as Dakin (6) believed that a direct 
conversion by the fully diabetic animal of the carbon of glycine to glucose 
does not take place ‘‘but rather that it causes a disturbance in the normal 
equilibrium existing between the amino-acids or peptides in the body tissues 
with the result that other amino-acids, capable of furnishing glucose [e.g., 
alanine} are set free.’ The present experiments with heavy carbon give 
direct proot to this theory and emphasize the point that all conversion ex- 
periments based on analytical data should be interpreted as indicating the 
abilitv of the fed compound to promote the formation of, rather than the 
direct conversion to, the new substance. Reid’s results (7) on the effect 
of glycine on protein catabolism as measured by nitrogen and sulfur excre- 
tion in dogs would lend weight to this idea. The fact that Gurin and 
Wilson (8) report that alanine containing C* was not quantitatively trans- 
formed to urinary glucose in phlorhizinized rats is also evidence in favor of 
this postulation. 


We wish to express our appreciation to Dr. Richard H. Barnes and Dr. 
George O. Burr for their advice and helpful criticism. 


SUMMARY 


1. Glycine containing the stable isotope of carbon in the carboxyl car- 
bon has been synthesized from methane, in an over-all vield of 32 per cent. 

2. The peak of liver glycogen storage in adult albino male mice occurred 
16 hours atter the ingestion of glycine. 

3. Ina period of 16 hours after feeding tagged glycine to a mouse, about 
50 per cent of the tagged atoms was found in the respired carbon dioxide. 
An increased output of respired carbon dioxide was noted in the early pe- 
riods after feeding. The increase could not be completely accounted for 
by the combustion of the added glycine as measured by the isotopic excess. 

4. The liver glycogen isolated from mice fed tagged glycine was found to 
contain an excess of the isotope. This recovery amounted to about | 
per cent of the fed isotope. The rise in the liver glveogen was more than 
could be accounted for by the conversion of glycine to glycogen, as meas- 
ured by the isotope excess. 
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A COMPARATIVE STUDY OF ACETYLATION IN VIVO OF 
PHENYLAMINOBUTYRIC ACID WITH  p-AMINO- 
BENZOIC ACID AND SULFANILAMIDE* 


By WILLIAM H. FISHMAN?T anp MILDRED COHN 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, April 5, 19438) 


In a previous study of the acetylation of phenvlaminobutyric acid (1), 
it was found that, when the / isomer was fed to rats whose body water con- 
tained 1.0, the acetyl--phenvlaminobutvric acid isolated from the urine 
contained deuterium in the acetyl group. ‘To ascertain the specificity of 
this reaction, as well as its significance to the mechanism of acetylation, 
other acetylations in the animal body have now been investigated in a man- 
ner designed to reveal whether they, too, show the uptake of deuterium 
in the acetyl group. This study has included the acetylation of sulfanil- 
amide and p-aminobenzoic acid. Moreover, an extension of the earler 
work to d-phenvlaminobutyric acid has been made in order to determine 
whether the behavior of d-phenylaminobutyric acid is identical with that 
of /-phenvlaminobutyrie acid in so far as the uptake of deuterium in the 
acetyl group is concerned. An experiment in which d-phenvlaminobutyric 
acid was fed to a rat under the same conditions as the / isomer showed that 
the deuterium content of the acetvl-l compound, which was isolated from 
the urine, was the same as that of the acetvl--phenylaminobutyrie acid 
obtained atter the feeding of the /-phenvlaminobutyvrie acid. 

Sulfamilamide and p-aminobenzoie acid were fed to rats whose body 
water was maintained at approximately a 2.5 per cent D.O level, and the 
corresponding acetvl compounds were isolated from the urine and were 
hvdrolvzed. Deuterium sanalvses were on the tsolated acety1 
compounds and, atter hydrolvsis, values for deuterium content of the re- 
sulting sulfanilamide, p-aminobenzoic acid, and acetic acid (as. silver 
acetate) were also obtained. In addition, in the case of the animal re- 
ceiving sulfanilamide, the presence of deuterium was sought in the non- 
acetvlated sulfanilamide found in the urine. Deuterium was found to be 
present only in the acetvl group of both excreted acetyl compounds, in 


* Acknowledgement is made to Eli Lilly and Company for a research grant which 
aided in the present investigation. 

¥ Royal Society of Canada Fellow. Present address, Department of Biochemis- 
try, Bowman Gray School of Medicine, Wake Forest College, Winston-Salem, North 
Carolina, 
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approximately the same amount as found in the acetyl group of acetyl-l- 
phenylaminobutyric acid isolated after d- or /-phenylaminobutvric acid 
was fed. 

The stability of the hydrogen atoms of the acetyl compounds 7m vivo was 
studied in order to determine whether the acetvl compounds per se or the 
precursor of the acetyl group takes up the deuterium. Accordingly, rats 
were ted the acetyl derivatives ot sulfanilamide and p-aminobenzoic acid 
under the same conditions which had been used in the administration of 
the tree acids. The acetvlsulfanilamide and acetyvl-p-aminobenzoic acid 
excreted in the urine contained no deuterium. 

Deuterium exchange studies 7m vitro were designed to determine the 
extent of the exchange, if anv, which occurs during the acid hydrolysis of 
the acetyl derivative. The acetyl derivatives of sulfanilamide and 
p-aminobenzoic acid were hydrolyzed in the presence of deuterium oxide 
and the resulting acetic acid, sulfanilamide, and p-aminobenzoice acid were 
analyzed tor deutermm. ‘The exchangeability of the hydrogen of 
dl-phenvlaminobutyric acid in acid solution was likewise investigated. 
None of the compounds showed any exchange of hydrogen in the acetyl 
group during hydrolysis and only p-aminobenzoie acid exchanged approxi- 
mately 1 atom in the benzene ring. 

EXPERIMENTAL 

The body water of the rats was maintamed at 2 to 38 per cent D.0 in a 
manner previously deseribed (1). The substances fed were administered 
by stomach tube twice daily, admixed with a modified liquid diet. The 
diet consisted of the following: skim milk powder 55.0 per cent, Mazola 
oil 25.8 per cent, cod liver oil 5.5 per cent, Osborne and Mendel salt mixture 
(2) 0.5 per cent, veast 2.2 per cent, dextrin 11.0 per cent. Approximately 


6 gm. of this diet were mixed with the amount of substance to be fed per 


day and the mixture was diluted with sufficient 4 per cent D.O (15 to 18 ce.) 
to permit easy passage of the diet through the stomach tube. The cages 
were mounted over large screened funnels. Toluene was used as a pre- 
servative for the collected urme in the feeding experiments of long dura- 
tion. In all experiments a small quantity of urine was reserved tor analysis 
in order to determine the deuterium content of the body water. The acetyl 
derivatives were isolated from the urine. 

It was desirable to determine by direct means both the amount and 
position of the deuterium in the acetyl group of the compound. ‘This was 
accomplished by hydrolyzing the acety] compounds and determining the 
amount of deutertum in the acetic acid (as silver acetate) in addition to 
p-aminobenzoiec acid and sulfanilamide isolated from the hydrolvtie 


mixture, 
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Feeding Experiments with p-Aminobenzoie Acitd—300 mg. of p-amino- 
benzoic acid were administered daily for 21 days to a 250 gm. rat whose 
body water was maintained at approximately a 2.4 per cent D2O level. 
The acetvl-p-aminobenzoic acid was isolated from the urine by continuous 
ether extraction in the manner described by Harrow, Mazur, and Sherwin 
(3). A total of 8310 mg. of acetvl-p-aminobenzoice acid melting at 256° was 
obtained. This compound, as shown in Table I, contained 0.51 atom per 
cent deuterium, which is equivalent to 1.9 atoms. In another experiment 
in Which 1.5 gm. of p-aminobenzoic acid were fed to a rat whose body water 
Was maintained at approximately 1.7 atom per cent deuterium, 80 mg. of 


TABLE 


Deuterium Content of Excreted Compounds 


Body 


Substance fed _— Substance isolated Deuterium content 
tertum 
Psst atom per cent | aloms 
p-Aminobenzoie acid 1.73 Acetyl-p-aminobenzoic (0.51+ 0.06 0.3 
acid | | 
2.40 | (0.514 0.10'1.9+ 0.4 
p-Aminobenzoic acid 0.0 0.0 
Acetic acid (Ag salt) (1.654 0.15 2. 1+ 0.2 
Acetyl-p-aminobenzoic Acetyl-p-aminobenzoic (0.044 0.05 0.2+ 0.2 
acid  aeid | 
Sulfanilamide 3.38  Acetylsulfanilamide 0.79+ 0.07 2.34 0.2 
Unchanged sulfanilamide 0.0 + 0.04 0.0+0.1 
2.77 Acetylsulfanilamide (0.54+ 0.12 0.4 
Sulfanilamide (0.07+ 0.06 0.34 0.2 
Acetic acid (Ag salt) 1.92+ 0.21/2.140.2 
Unchanged sulfanilamide 0.03+ 0.10 0.1+ 0.3 
Aecetvisulfanilamide 2.35 Acetvisulfanilamide -0.06+ 0.08 0.3+ 0.4 
d-Phenylaminobutyvric 2.23 Acetyl-/-phenylamino- 0.50+ 0.03 3.4 + 0.2 


acid butyric acid 
acetvl-p-aminobenzoic acid were isolated from the urine and were found to 
contain 0.51 atom per cent deuterium, which is equivalent to 2.7 atoms, 
as shown in Table I. 

190 mg. of the 310 mg. sample of acetyvl-p-aminobenzoic acid were sus- 
pended in approximately 1.5 N HCl and the mixture refluxed for 1.5 hours. 
The hyvdrolvsate was poured slowly with vigorous stirring into 400 ec. of 
hot 1 per cent silver sulfate solution and the resulting precipitate of silver 
chloride was removed by filtration. The filtrate was made alkaline to 
litmus with saturated barium hydroxide solution and was evaporated to a 
volume of 50 cc. This concentrate, containing the p-aminobenzoic acid 
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and acetic acid freed by hydrolysis, was acidified to Congo red with 10 
per cent HeSO, solution; the BasO, was removed by filtration, and the 
filtrate was distilled in vacuo. ‘The distillate, containing acetic acid, was 
titrated to the neutralization point with 9 cc. of 0.104 N NaOH solution 
and was preserved. 

The residue of p-aminobenzoic acid was transferred with H.O to a con- 
tinuous extractor and the solution was extracted with ether for 8 hours. 
The ether extract was evaporated to dryness, and the residue was dissolved 
in absolute alcohol and was treated with charcoal. ‘The aleohol solution 
was evaporated to dryness. The p-aminobenzoic acid obtained weighed 
104 mg. and melted at 188—189°. 

The neutralized distillate was concentrated in vacuo and the residue was 
dissolved in afew ec. of H.O. After careful acidification to Congo red with 
10 per cent HSO, the liberated acetic acid was distilled tn vacuo. The 
distillate was transferred to a mortar and thoroughly ground with Ag.O. 
The excess AgeO was removed by filtration and the solution of silver acetate 
was rapidly concentrated to a small volume in vacuo. On the addition 
of 50 cc. of absolute alcohol to the concentrate, crystalline white silver 
acetate separated. This product, after it had been filtered and dried, 
weighed 81 mg. Deuterium analyses on the acetyvl-p-aminobenzoic acid, 
silver acetate, and p-aminobenzoic acid, as well as the urine (body water), 
are shown in Table I. 

Feeding Experiments with Sulfanilamide —In a preliminary experiment 
a total of 2.3 gm. of sulfanilamide suspended in oil was injected into two 
rats at the rate of 300 mg. per dav and 65 mg. of acetylsulfanilamide, 
melting at 218°, and 106 mg. of tree unchanged sulfanilamide, melting at 
167-168°, were isolated from the combined urine samples. The average 
deuterium content of the body water of the two rats and the deuterium 
content of the isolated compounds are shown in Table I. In a second 
experiment 300 mg. of sulfanilamide were administered daily for 21 days 
by a stomach tube to a rat whose body fluids were maintained at approxi- 
mately a 2.8 per cent DeO level. The urine was concentrated in vacuo. 
A mixture of unchanged sulfanilamide and acetvlsulfanilamide ervstallized 
from the cooled solution. Vhe amount of unchanged sulfanilamide was 
greatly in excess of the acetylsulfanilamide. It was necessary to carry out 
many fractional crystallizations from aqueous solution in order to separate 
the two substances. The acetyl compound crystallized in characteristie 
long needles, the sulfanilamide in cubes and plates. 207 mg. of acetvl- 
sulfanilamide which melted at 218° were isolated. 

167 mg. of this acetvlsulfanilamide were hyvdrolvzed with HCI and the 
mineral acid was removed from the mixture in the manner described for 
the hydrolysis of acetyl-p-aminobenzoic acid. “The distillate contained an 
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amount of the acetic acid equivalent to 6.5 ec. of 0.104 N NaOH. 57 mg. 
of silver acetate were isolated from the distillate in the manner previously 
described. ‘To the residue of the sulfanilamide liberated by the hydrolysis 
5 ec. of HeO were added. The HoSO, was removed as BaSO,. After the 
sulfate-free solution had been evaporated to dryness, the residue was 
dissolved in absolute alcohol. The solution was filtered and was evapo- 
rated to drvness; 78 mg. of sulfanilamide melting at 164-166° were ob- 
tained. Deuterium analvses on acetvlsulfanilamide, sulfanilamide, silver 
acetate, and the body water of the rat are shown in Table I. 

Feeding Experiment with d-Phenylaminobutyric Acid—250 mg. of d-phen- 
vlaminobutyric acid were administered by stomach tube daily for 7 days 
to a rat whose body water was maintained at about a 2.2 per cent DO 
level. The urine was acidified with HeSO, and was extracted continuously 
for 8 hours with ether. The ether extract on evaporation to dryness 


TABLE II 
Deuterium Exchange in Acid Hydrolysis 


Deuterium 
Compound hydrolyzed ae Compound isolated Deuterium hydrogen atoms 
iydrolytic content 
medium 
atom | 
| per cent | atom per cent | 
Acetylsulfanilamide 2.56 Sulfanilamide 0.05+ 0.04 0.17+ 0.13 


Acetic acid (Ag salt) 0.20+ 0.22 (0.234 0.25 


Acetyl-p-aminobenzoic p-Aminobenzoic acid 0.364 0.05 1.294 0.18 
acid Acetic acid (Ag salt) 0.244 0.20 0.37+ 0.30 
di-Phenvlaminobutyric 4.3 dl-Phenylaminobutyrie 0.10+ 0.07 0.30+ 0.21 


acid acid | 


vielded acetyl-/-phenvlaminobutyric acid. This was recrystallized twice 
from hot water. 407 mg. of acetyl compound melting at 179-180° were 
obtained. It will be noted in Table I that the acetv] compound contained 
an amount of deuterium corresponding to 3.4 atoms. It has been previ- 
ously shown (1) that, after hydrolysis of the excreted acetyl derivative, the 
phenvlaminobutyric acid contains deuterium in an amount equivalent to 
| atom, which was demonstrated to be in the @ position. Since practically 
no deuterium could have been lost in the acid portion of the molecule 
during hydrolysis, as shown in a subsequent experiment in this paper in 
which the exchange of phenvlaminobutyrie acid with D.O under hydrolytic 
conditions was investigated, it may be concluded that the acetvl group 
contained the equivalent of approximately 2.4 atoms of deuterium. 
Feeding Experiments with Acetyl Derivatives of Sulfanilamide and p- 
Aminobenzoic Acid-—One rat whose body fluids were maintained at approxi- 
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mately a 2.4 per cent DeO level received orally 300 mg. of acetylsulfanil- 
amide for 3 days and another rat maintained at approximately a 2.2 per 
cent DO level received 300 mg. of acetyl-p-aminobenzoic acid for the 
same length of time. The acetylsulfanilamide and acetvl-p-aminobenzoie 
acid isolated from the urine of each rat melted at 218° and 256°, respec- 
tively. The deuterium analyses tor these compounds and the correspond- 
ing body waters are indicated in Table I. 

Deuterium Exchange of Acetic Acid, p-Aminobenzote Acid, Sulfanilamide, 
and dl-Phenylaminobutyric Acid under Conditions of Hydrolysis —Syuthetie 
acetyvl-p-aminobenzoie acid and acetylsulfanilamide were hydrolyzed in a 
solution of HClin dilute D.O under exactly the same conditions described 
previously. ‘The resulting silver acetate, sulfanilamide, and p-aminoben- 
zoe acid were analyzed for deuterium (‘Table II). 

dl-Phenvlaminobutyrie acid was boiled with 2 N HClin D.O (4.8 atom 
per cent) for 2.5 hours. The HCl was removed by distillation and the 
dl-phenylaminobutyric acid, after two ervstallizations from H.O, was 
analyzed for deutertum. The analytical result is shown in ‘Table IT. 


DISCUSSION 


The acetvlations which we have studied have one feature in Common, 
deuterium from the body water is found in the acetyl group of the acetyl- 
ated compound.) Furthermore, since the deuterium from the body water 
does not enter the preformed acetyl derivatives, the deuterium must have 
heen taken up by a precursor of the acetvl group before or during the 
process of acetylation. 

One of the possible mechanisms suggested for the formation of acety1-l- 
phenvlaminobutyric acid 7m vivo trom acid (8, 1) 
involved a condensation of ammonia, pyruvic acid, and the keto acid de- 
rived trom the d acid. The phenvliminobutyrie acid resulting from the 
condensation ot phenviketobutvric acid with ammonia, according to this 
mechanism, condenses with pyruvic acid. An intramolecular oxidation- 
reduction of this condensation product results in the formation of acetvl-l- 
phenvlaminobutyvrie acid. Sulfanilamide and p-aminobenzoice acid differ 
from the d- and /-phenvlaminobutyrie acids in that the amino group in 


It is of interest to note that none of the exereted compounds which had been 
acetylated in the animal body had exchanged the hydrogen in the benzene ring. On 
the other hand, tyrosine, for example, takes up stable deuterium both in vitro (4) 
and in vivo (5, 6). Best and Wilson (7) have demonstrated that an amino group 
has the same qualitative activity as a hydroxyl group in labilizing the hydrogen of 
the benzene ring imvitro. Under the conditions of hydrolysis of the experiments in 
vitro in the present study, only p-aminobenzoie acid exchanged hydrogen atoms in 
the benzene ring. 
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these compounds Is attached directly to the benzene ring, and the formation 
of the acetyl derivatives of sulfanilamide and p-aminobenzoice acid, there- 
fore, could not involve an intramolecular oxidation-reduction reaction. 
In the present investigation in which the acety! derivatives were formed 
m vivo in a medium of D.O0, no distinction in the deuterium content of the 
acetyl group was observed between sulfanilamide and p-aminobenzoie acid 
on the one hand and phenvlaminobutyrie acid on the other. 

However, the deuterium studies place a restriction on an acceptable 
mechanism for any of the acetvlations reported in this paper; namely, a 
specific requirement tor the precursor of the acetyl group. ‘This precursor 
must be a molecule which is capable of exchanging its hydrogen or reacting 
chemically with body water. In view of the fact that the acetyl group 
always contained approximately the same amount of deuterium, it may 
be that there exists only one precursor substance for the acetyl group, 
irrespective of the character of the substance being acetvlated and of the 
precise nature of the acetylation process. 

There is no doubt that exogenous acetic acid, as well as pyruvic acid, 
‘an funetion as a precursor in the formation of some acetyl derivatives. 
In fact, the possibility of acetic acid being an acetvlating agent has already 
been pointed out in a detailed discussion of the acetylation of phenyl- 
aminobutyric acid (1). Klein and Harris (9) found that added acetate, 
pyruvate, lactate, and acetoacetate inerease the amount of acetylsul- 
fanilamide produced by surviving rabbit liver slcees. James (10) reported 
increased amounts of acetvlsulfanilamide in the urine of mice receiving 
both acetate and sultanilamide. Harrow and coworkers (11) have shown 
that both pyruvie and acetic acids augment the excretion of acetyl-p- 
aminobenzoic acid by rabbits fed p-aminobenzoic acid. Recently, Bern- 
hard (12) demonstrated the presence of deuterium in the acetyl! group of 
acetylsulfanilamide and acetyv!-p-aminobenzoie acid exereted by rabbits 
receiving deuterioacetic acid or deuterioethyvl alcohol in addition to the 
chemicals ted. Bernhard and Steinhauser (13) have also found deuterium 
In the acetvl derivatives excreted by dogs ted deuterioacetic acid and d- 
or a substance similar to phenyvlaminobutyrie 
acid in behavior as well as structure since the form corresponding to the 
unnatural series of amino acids is inverted upon acetylation. In the 
formation of acetviphenvlaminobutyvric acid, Knoop and Blanco (14) were 
able to increase the amount of acetviphenvlaminobutyric acid excreted 
When pyruvic acid was fed simultaneously with phenviketobutvric aeid to 
un extent greater than when butvrie acid or acetic acid was ted, 

Sinee acetic acid does not exchange its byvdrogen with that of the body 


water appreciably, as shown by the work of Bernhard (12), the present 
Investigation would indicate that H acetic acid is an acetvlating agent 
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it must be formed in the body by an irreversible process which introduces 
the hvdrogen of the body water into the molecule. Pvruvie acid does not 
exchange with water readily 7m vitro (15), and, if this holds 7m vive, then 
pyruvie acid, to qualify as a precursor of the acetyl group, must also be 
formed in the body in a manner which permits the entrance of the hydrogen 
of the body water into the molecule. 


SUMMARY 


The acetylation of p-amimobenzoie acid, of sulfanilamide, and of d- 
phenvlaminobutyvric acid has been studied in animals whose body fluids 
contain deuterium. all cases, approximately the same amount. of 
deuterium was found to be present in the acetyl group of the acetvlated 
compounds. The implications concerning the mechanism of acetylation 
are discussed. The exchangeability of the acetyl compounds under condi- 
tions of acid hydrolvsis were studied 7 vitre. 


The authors wish to express their appreciation to Professor Vincent du 
Vigneaud for his suggestion of the problem and tor his interest and advice 
throughout the course of the investigation. 


BIBLIOGRAPHY 


1. du Vigneaud, V., Cohn. M., Brown, G. B., Irish, O. Sechoenhermer, R.. and 
tittenberg, Biol. Chem., 181, 273 (1939). 

. Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 20, 351 (1915). 

Harrow, B., Mazur, A., and Sherwin, C. P., J. Biol. Chem., 102, 35 (1933). 

Rittenberg, 1)., Keston, A. S., Schoenheimer, R., and Foster, G. L., J. Biol 

Chem., 126, 1 (193s). 

5. Foster, G. L., Rittenberg, Do, and Schoenheimer, R., J. Brol. Chem., 126, 13 
(1938). 

6. Stekol, J. and Hamill, W. HL, Proce. See. Rap. Biol. and Med., 36, 591 (1937). 

7. Best, A. P., and Wilson, C. L.. J. Chem. Soc... 28 (1938). 

S. du Vigneaud, V.. and [rish, O. J., J. Biol. Chem., 122, 349 (1937-38). 

9. Klein, J. R., and Harris, J.S., J. Biol. Chem., 124, 613 (1938). 

10). James, (;. V., Biochem. J.. 33, 1688 (1939). 

11. Harrow, B., Power, F. W., and Sherwin, C. P., Proc. Soc. Exp. Biol. and Med.,, 
24, 422 (1927). 

12. Bernhard, WK... Z. physiol. Chem., 267, O1, 99 (1940). 

13. Bernhard, and Steinhauser, Z. physiol. Chem.. 273, 31 A942). 

14. Knoop, F., and Blaneo, J. Z. physiol. Chem. , 146, 267 (1925). 

15. Geib, K. H., and Bonhoeffer, Kh. F., Z. physrk. Chem., Abt. A, 176, 459 (1936). 


WNW 


| 
| 

| 

| 

| : 

| 

| 

| 


THE IONIZATION CONSTANT OF SECONDARY MAGNESIUM 
PHOSPHATE 
By HERBERT TABOR anp A. BAIRD HASTINGS 
(Prom the Department of Biological Chemistry, Harvard Medical School, Boston) 


(Reeeived for pubheation, April 8, 1943) 


The iome pattern of intracellular tissue fluid is not quantitatively estab- 
lished owing in part to the lack of exact knowledge of the concentration of 
the anions and in part to the absence of information regarding the degree 
to whieh the intracellular salts of potassium and magnesium are ionized. 
Since the activities of certain intracellular enzvmes are influenced by their 
ionic environment (1, 2), it would be of value to know the intracellular 
concentration of the cations, potassium and magnesium. 

As a contribution toward an evaluation of intracellular magnesium ion 
concentrations, (a) the solubility product of the salt Mg@HPO, and (b) the 
dissociation constant, A’, of the reaction MgHPO, => + HPO,g 
have been determined at 38. 

Values of the dissociation constant of Mg@HPO, have been calculated by 
Crreenwald, Redish, and Wibrick (3) from titration curve data. The values 
obtained by conductivity measurements to be reported here agree in 
general with those of Greenwald and his collaborators. 

The solubility of MglHPO, was determined by Cameron and Bell in 1907 


(4). Tlowever, as no pil values were determined at that time, it is not 


possible to ealeulate with accuracy the solubility products from these data. 
ixperiments were therefore carried out in whieh equilibrium was estab- 
lished between the solid phase, and solutions contaimimg 
Nac, and Cl at an iomie strength of 0.160 + 0.008. 
After equilibrium, the liquid) phase was analyzed for magnesium, total 
phosphate, and pH. 

From these data, the product [total Mg} x [total HPO | was caleu- 
lated. “Vhis product was not constant, but varied with different concen- 
trations of phosphate and magnesium, indicating the presence in solution 
of a significant amount of undissociated MegHPO,. By combining the 
measurements of the dissociation constant of MgHPO, (determined by 
conductivity measurements) with the solubility measurements, reasonably 
constant values of the solubility produet were obtained, 


In the experiments on the solubility of MglIPO,, equilibration of the 
liquid and solid phases was carried out ina 3S + 0.5° constant tempera- 
ture room. Rotation of the solutions was maintained for 24 to 48 hours. 
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Magnesium was determined by precipitation with S8-hydroxyquinoline and 
titration of the ash. pil was determined with the glass electrode, and 
phosphate by the method of Fiske and Subbarow (5). 

For the conductivity measurements, magnesium chloride, sodium chlo- 
ride, and secondary sodium phosphate were purified by reerystallization 
from commercial salts. Solutions of these salts were prepared with redis- 
tilled water, which had a conduetivity of 3.7 & 10°° mho at 25° and a CO, 
concentration of 7 & 10° mole per liter. The coneentrations of the mag- 
nesium chloride solutions were cheeked by chloride and magnesium deter- 
minations, and by comparison ot the conductivity of the solutions with 
those reported by Shedlovsky and Brown (6). 

The conductivity apparatus consisted of standard Leeds and Northrup 
equipment having a Wohlrauseh slide-wire with end coils and a platinized 
conductivity cell (cell constant of 1.2670 reciproeal em. determined with a 
0.1 N solution of KOT). A L000 evele microphone hummer was used and 
the balance point was determined ly means of ear phones with the aid of 
a two-stage amplifier. 

Conductivity measurements were made in a water bath at 38° -b 0.01 
and readings different samples the solution were reproducible Lo 
better than | part in 3000. These values were checked by repeating the 


determinations with fresh solutions. 


aleulations 


The amount of undissocrted im a mixture ot sand 


Nao Solutions Wiis ealeutated the equation 


— 

Where the concentration of undissociited \Ie 44, 8 the observed 
conductivity of the muaxture, and concentrations of MeCl and 
respectively inomoles per liter, and om, p, and d molar 


tivities of and NaCl, respectively, at the strength 
of the solution. 

Rquation | was derived on the usual assumption that the conductivity 
ola solution equal the the COTMAUCTIN ities Its Component 
fora given ionic strength. 

Krom the observed conductivities ot equimolar \ieC Nae ll PO 
solutions, the molar conductivities for each solution at the given ionic 
strengths, uw, were caleulated. The same two solutions were mixed in 
equal proportions, and the conductivity, sx, was determined. The ionic 
strength of the mixture was equal to that of the orginal solutions, except 


tor the decrease in the ionre strength resulting from the formation of undis- 


sociated molecules. 
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Below w = 0.018, the ionie strength was derived solely from the MgCl. 
and NasliPO, originally present. From u = 0.018 to 0.160, the coneen- 
trations of MeCl, and NasllPO, were each 0.003 M in the mixture, and the 
desired ionic strength was obtained by the addition of NaCl solution. The 
fraction of the conductivity due to the added NaCl was caleulated from 
the molar conductivity of NaCl which had been previously determined 
for the given ionic strength. This value was subtracted from the respee- 
tive conductivity readings to obtain the conductivities due to MgCl, and 
Naoll PO, in the solution. 

No precipitation oceurred in any of the solutions, since the [Mg*t] x 
[HPO, | was always less than 9 & 10-6 This is much lower than the 
solubility product of MI@HPOs, (as shown below). 


Results 


The above calculations are based on the assumption that the undisso- 
ciated compound is MgifPOy.  Vhis is shown by experiments in which a 
0.006 Mm MeCl solution and a 0.006 x7 NaclTPO, solution were mixed in 
varving proportions, and the conductivities of the mixtures determined. 
The decrease in the conductivity of the mixtures from that expected if no 
undissociated MegHPO, were formed is plotted against the composition 
of the solution in Trig. 1. The greatest decrease in conductivity occurred 
when the ratio of MgClh to NasHPO; was unity, strongly indicating that 
the compound formed was PO,. 

lonazation Constant of MglfPO, —~Vhe value ot the ionization constant, 
Was calculated from the equation 

IMg**] X [HPO,7) 

A’MgHPO, = MeHPo,) (2) 
These jonization constants expressed DIN have been plotted 
against yu (corrected for undissociated in Fig. 2. The data 
ot Greenwald efa/. are also shown on the graph for comparison. 

The data presented confirm the incomplete ionization of MelIPO, 
previously reported (2), and may be deseribed by the equation 


= 2.87 — 4.15(Vu — 0.5p) (3 


At the ome strength of 0.160, which corresponds to that of extracellular 
Huds, the average experimental value of pW is 1.62. Although 
the ionie strength of intracellular fluids is not known at the present time, 
it isimprobable that it varies greatly from that of the extracellular fluids. 

equation | was based on the assumption that the ionie strength and 
hence the molar conduetivities in the solutions remained unchanged when 
mixed. ‘This is not strictly true beeause of the formation of the undisso- 
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The decrease in measured conductivity from that expecter 


if no unedis 


sociated MgHPO, were present is plotted against varying proportions of MgCl, and 


Nae HPO, in solution 


ria. 2. 


root of the rome strength 


The values of ph ywgHpo, at 3S 


Data of the present Paper are designated 


have been platted thie SQuare 


those 


Greenwald et The smooth line is satisfied by the equation po, 
TABLE |! 
Solubility Prodiuet of Vgh PO, 
un = 0.16 + 0.01. 
Total Me Tot il pri i 
mM per i mM per i 
1 O3 HOSS 
4.42 | 
241 i.t4 


Average 


* Values of pin’, 


present. 


have been eorrected for the amount otf rndissocin 
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ciated MgHPO,. However, this introduces no significant error except at 
the lowest ionic strengths where the values of pK’ may be approximately 
too high. 

Solubility Product of MgHPO, rom the determinations of pH, mag- 
nesium, and total phosphate on the liquid phase after equilibration with 
the solid phase, the solubility product [HPO = K’,.,. has 
heen calculated. Allowance was made in each case for the amount of 
undissociated MelHPO, present, as estimated from the preceding conduc- 
tivity experiments A series of nine experiments was made at an ionic 
strength of O.16 and reported in Table I. These data vield an average 
value for pK’... = 4.5. 

DISCUSSION 

In the absence of exact information on the intracellular concentrations 
of the various organic phosphate anions capable of torming magnesium 
salts. any attempt to caleulate the amount of un-tonized intracellular mag- 
nesium would be premature. 

It is of some interest, however, to note that preliminary estimations of 
the dissociation constant of the magnesium salt of a-glyecerophosphate bv 
the conductivity method gave the value ph’ = 1.28 at uw = 0.160. Tf one 
assumes that the intracellular concentration of total magnesium is 20 mM 
per kilo of HeO and that the concentration of a-glycerophosphate is 25 mM 
per kilo of PLO lit may be estimated that the concentration of undissociated 
glyvcerophosphate is 4.5 mu per kilo of intracellular water (2.e., 22 per 
cent of the AMl@ would be im the torm of an undissoeiated salt). Tf the 
elycerophosphate were hydrolyzed to HPO, , the value tor undissociated 
Mell PO, would become 6.5 me per kilo of intracellular water, or 32 per 
cent of the total magnesiim present. 

Such estimates are based on the assumption that no other intracellular 
anions combine with 

Since there are not only other organie phosphate anions but also proteim 
anions which must be taken into account, the above calculations are of 
phvsiological significance only in indicating that a rather large proportion 
of the intracellular magnesium is probably present in non-lome torm, and 
that this proportion varies with the nature of the phosphate ton present. 


SU MAARY 


I. Conductivity data at 388 are presented, confirming the meomplete 
dissociation of MigiT PO; in solution. 

2. The data are deseribed by the equation pI yyipo, = 2.87 — 4.15 

3. Phe possible significance of these findings for intracellular eleetro- 


Ivte balance is indieated., 
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i. The solubility product of MgHPO,, corrected for the incomplete dis 


sociation, is approximately = 4.5 at uw = 0.160. 
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THRE ACTION OF BROMO-SUBSTITUTED FATTY ACIDS 
ON LIVER FAT* 


By CAMILLO ARTOM ann MARJORIE SWANSON 


(From the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Winston-Salem, North Carolina) 


(Received for publication, April 15, 1943) 


In previous studies from the laboratories of the senior author very con- 
siderable increases in the total fatty acids of the liver were found in rabbits 
ted iodized natural fats (1) and in rats fed brominated ethyl oleate (2). In 
both the materials fed the halogen was mainly or wholly in the 9,10 posi- 
tions. Accordingly, we thought it worth while to investigate under strictly 
comparable conditions the action on liver fat of long chain fatty acids in 
which 2 bromine atoms had been substituted for hvdrogen at various 


positions of the carbon chain. 
EXPERIMENTAL 


The bromo-substituted acids were obtained by brominating the corre- 
sponding unsatirated actds in ree cold ether solution” and subsequently 
were esterified with ethanol in the presence of sulturie acid. Commercial 
samples of purified erueic, oleic, and undeeyvlenie acids were used in prepar- 
me t-dibromobehenic, 9, 10-dibromostearic, and 10,11-dibromounde- 
evle aeids respectively. In the preparation of 6,7-dibromostearic acid, 
petroselinie acid was first isolated from parsley seeds in which it is a major 
component of the fats (5). After saponification of the acetone extract of 
the seeds, the mixed fatty acids were dissolved in aleohol and most of the 
saturated acids removed by adding a small amount of lead acetate. On 
further addition of lead acetate, petroselinie acid was precipitated as the 
sparingly soluble lead salt. The acid, regenerated bv boiling with hvdro- 
chloric acid, was then purified by repeated crystallization trom alcohol. To 
prepare 2.3-dibromostearic acid, the corresponding unsaturated acid was 

\ided by a grant trom the Dazinn Foundation for Medical Research. \ pre 


htinary report has been presented at the annual meeting of the American Society 
Joston, April, 1942. 


srominated natural fats had been emploved to obtain a prolonged bromine 


(‘hemists at 


therapy (3). Experiments in which bromo fatty acids, especially tetrabromostearie 
acid, were administered to rats and humans have also been reported (4). In these 
experiments organic and inorganic bromine was found in the urime and in various 
tissues including fat depots. No deleterious effects upon the health and the growth 
were noted 

Only the bromination of 2,3-0¢etadecenore acid was carried on in ehloroform 


solution and the mixture left for several days at room temperature. 
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obtained from stearic acid through the e-bromo and a-iodo derivatives and 
finally separated from the accompanying a-hydroxy acid by repeated treat- 
ment with petroleum ether (6). 

The compounds were identified by their melting points, equivalent 
weights, and halogen content. From these determinations, a purity 
hetween 90 and 95 per cent with a theoretical content of bromine can be 
assumed, except for the 2,3-dibromostearic acid which contained only 
about 70 per cent of the calculated bromine.’ 

65 male, albino rats of the same strain, raised to about 170 em. on a stock 
diet. were used. The rats were fasted 24 hours, and then ted weighed 
amounts of ester by means of a svringe connected to a stomach tube. The 
svringes and stomach tubes were subsequently washed with ether, the ether 
evaporated, and the residues weighed, the actual amounts ingested being 
obtained by difference. The average dose was 5.51 + O.S4 mat per rat. 
The rats were kept in metabolism cages with access to water, but without 
food, and killed by decapitation at various intervals from 12 to 48 hours 
after ingestion of the ester. 

Proups oft ruts received the bromo CSLECTS. Rats ot ii SIXt Were 
fed ethyl stearate (non-brominated). “To some ot these a solution of sodium 
bromide was given with the ester and at Sto 12 hour intervals until the end 
of the experiment. Rats of a seventh group were kept as tusting controls 


for the lengths ot time iis those tea the esters 


/ 


lramediately after death, the liver and gastrointestinal tract were re 
moved, (one portion ot the ver Wiis saponified, nid the 
determined by a titrimetric procedure which also allows the approximate 
evaluation of the unsaponitiable matter 7), see also (S)). In several ex- 
periments, the lipids were extracted trom another portion ot the liver with 
boiling aleohol and aleohol-ether, and the extract purified with chloroform 
((9), see also \ traction of the extract was Ineinerated with soditim 
hydroxide and sodium earbonate fil Boo anid the halogen Content 


determined bv titration with 0.02 ~ silver nitra 


{ 


e and potassium thioeva- 
nate. In a few eases, the phospholipids were also estimated trom the 
phosphorus ot the extract. determined Tisdall’s method (10) 

The gastrointestinal tract was emptied by manual expression, and fhished 
out first with a solution contaming 0.6 per cent sodium chloride and O.4 per 
eent sodium hydroxide, then with ether, and finally with 95 per cent 
ethanol. The feces collected in the period after feeding were added to the 
intestinal content and washings, and the mixture extracted with hot 


27n consideration of this finding, the bromine values in rats ted 2.3-dibromo 


stearate were corrected throughout. 
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aleohol-ether. A fraction of the filtered — was saponified and the 
total fatty acids determined by titration.’ The results, corrected as sug- 
gested by Deuel et al. (11), were used in the calculation of the absorption 
values.4. For all brominated compounds such values were considerably 
lower in the longer than in the shorter periods. This suggests the possibility 
that part of the absorbed bromo fatty acids might have been reexcreted into 
the intestinal tract. Conelusive evidence for a reexcretion of ingested 
iodized fats was previously found in experiments on dogs with an isolated 
intestinal loop (12). Aecordingly, in our calculation of the average absorp- 


TABLE I 


Inereases of Faity Acids in Whole Livers of Rats Fed Various ksters 


Increases of liver fatty acids*® 


Average Average 
absorption fiver weight 
hrs./18 hrs.| 24hrs. hrs. 42 hrs.!48 hrs. 
mv per hr. | em. mM m4 mM mM mM | m 
13.14 Dibromobe- 0.107 + 0.088) 5.08 + 
henic 0.619 
10-Dibromoste 0.117 + 0.021\6.38 + 0.77)1.5103] 256) 2.535, 1.660 1.839 1.965 
uric 2.825.1.319 1.830 
6.7-Dibromoste 156 + 0.042 4.92 + 0.30.0. 103.0.360, 0. 250.0. 4100.670.0. 201 
rie 0.499.0.366 0.515, 
2 3-Dibromost 0902 -+ 0.038:5.39 +4 0.45)0.219'0.376 0.246 0.2000. 263.0. 147 
Aric 169:0.420. 0.346 
Steurie 0.184 + 0.030) 4.15 + 0.22 0.114 
Nabrt 0.176 + 0.022, 4.638 + 0.359 —0.052. 0.035 0.129 


0 145 


''Potal fatty aeids minus values for livers of rats fasted for correspondirg periods. 
The amounts of NaBr fed varied between 72 and 170 mg. of Br per 24 hours. 


tion rates (Table 1) data obtained in the longest periods of experiment (42 
and IS hours) have been disregarded. 

Some halogen determinations were also made on the urine of rats fed 
bromo esters, both before and after ineimeration. From the data, the 
amounts excreted by fasting rats in corresponding periods were subtracted. 
The values thus corrected were assumed to represent the inorganic and 


The following formula was usedin our caleulations. A — (a — 0.141) & (100/95), 
Where Ais the amount of fatty acids ingested, a the amount of fatty acids in the feces 
snd gastrointestinal contents, O.141 the average amount of fatty acids in the feces 
and gastrointestinal contents of rats fasted for periods between 24 and 72 hours 
feontrols), and 100/95 a correction on the basis of the average recovery of fatty acids 
when our procedure was applied to rats killed immediately after feeding. All values 
were expressed as millimoles of fatty acids and referred to a rat weighing 147 gm. after 


24 hours of fasting. 
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total bromine respectively. Usually only a small proportion of organic 
bromine was found. 

To make the results comparable, all analytical data have been recaleu- 
lated for a tvpical rat with an initial weight of 167 gm. (147 gm. after 24 
hours ot fasting), these figures corresponding to the average weights of the 
animals used. 


[ee sults 


Fasting Rats-- Individual values are not reported tor the sake of brevity, 
An almost linear decrease (from 0.790 to 0.410 mat) was found for the fatty 
acid content of the whole liver during the first 5 davs of tasting. The 
decreases in the werght ot the liver were somewhat Jess marked, so that the 


concentration in 1 gm. of tissue was slightly lowered im the longest periods 


of time. When compared with observations on tasting mice (13), the 


Variations in the total fatty acids of rat liver resemble more closely those of 
phospholipids rather than those of total lipids in mouse liver. 

Rats Fed Dibromoundeeylic Ester Doses trom 3 to S me invariably 
caused death between 6 and 16 hours. Similar doses of the corresponding 
unsaturated Cundecyvlente ester were even more {ONIE, death OCCUrrng in 
15 to 90 minutes. On the other hand, the saturated undeevlie ester was 
completely harmless. Vhese findings should be compared with previous 
observations on the high toxicity of triundeevilenin (as contrasted with the 
complete INNOCUOUSHESS Of triundecy lin) for rats (14) and humans (15 

heats Dibromobehenie and DPibromostea it lest The the 
liver fatty acids obtained in fasting rats were plotted against the time, and 
the resulting graph used in calculating the increases after teedimg the varl- 
ous esters. The increases were essentially in the glyeeride traction, as 
neither the unsaponttiable matter nor the phospholipids Were Increased, 
Krom Table [Tit may be seen that the 9, 10-dibromostearic ester produced 


the highest degrees of feat infiltration, followed in) order {_-dibromo 
behenic, 6,7-dibromostearic, and 2,3-dibromostearic. The differences 
between the individual values obtained at corresponding times atter teeding 
different materials were averaged and tound to be all statistically significant 
with a probability of chance occurrence of less than | im LOO (16), except tor 
the differences between the 2.3- and 6.7-dibromostearie esters, which were 
not significant. 

The average absorption rates for all bromo esters were lower than tor 
stearic ester and varied with the type of bromo ester fed. However, be 
eause of the extent of the individual variations, these differences usually 
were not significant. Moreover, from a consideration of the averages as 
well as of the individual values, no definite relationship between the rate of 


absorption and the degree of fatty infiltration was apparent, 
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The amounts of bromine found in the liver lipids follow the same order as 
the increases in liver fat. Hlowever, when the halogen values are expressed 
as dibromo acids, they account for only a variable, usually minor, fraction 
of the fatty acids accumulated in the liver (Table I]). Even in the event 
of a partial debromination resulting in monobromo acids, the amounts of 
non-halogenated fatty acids in most cases would still be considerable, es- 
pecially after feeding the 9,10-bromo ester. In this respect present results 
are in full agreement with those previously obtained with 1odized fats (1) 
and brominated oleie ester (2). 

Rats Fed Stearte Ester —As compared with the increases following admin- 
istration of the bromo esters, ethvl stearate had only a slight or negligible 
effect on the liver fat. This effect was not substantially modified by the 


II 
Lipid Bromine (As Dibromo Fatty Acids) in Whole Liver of Rats Fed Various Dibromo 


Ksters 
Dibromo fatty acids Inorganic Br 
Ester fed in urine 
18 hr 24 hrs 0hrs. | 42hrs 18 hrs. per 24 hrs 
mM mM mM mM mM mg 
13.14-Dibromobe 0.167, 1S.8'0.175'52.7 0. 186)20. 7 0.133:21.536.0 + 2.0 
henre | 
Q JO-Dibromoste 0.791:28.0.0. 590037 .9'0.490 26.8 20.3 + 1.4 
aric | | 
6.7-Dibromoste 0.139'27 .Si0. 188!45.8)0. 1S8)28. 
Arie | | O.13155.6 
2.3-Dibromoste 0 OO} 16.3 42.2 + 1.1 


Arie 069 16.6. 
Per Cent of the the total fatty of the liver. 


simultaneous ingestion of inorganic bromide in doses which were probably 
much higher than the amounts of bromine liberated from the bromo esters? 
(see the values tor bromine exeretion in ‘Table TT). 


DISC SSTON 


Since the liver probably plavs a dominant role in the first stages of tatty 
acid metabolism, tt seems reasonable to assume that, under proper experi- 
mental conditions, a diminished rate of fat catabolism would result in an 
increase in liver fat. In our experiments, the tat depots were depleted by 

> Ontv in one of two rats fed sodium bromide in amounts corresponding to 500 and 
700 mg. of bromine per 24 hours was there hiv considerable increase tn liver fatty 
acids. ‘These rats, unlike those fed the bromo esters, showed obvious signs of severe 


bromine Infoxiention. 
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3S BROMO FATTY ACIDS AND LIVER FAT 


previous tasting and the various esters ted in amounts less than the ealorie 
requirements of the animals. Under these conditions the tatty acids less 
easily attacked by the organism should accumulate in the liver to a larger 
extent. As the differences found cannot be ascribed merely to differences 
In rates of absorption or to a pharmacological action of the morganic bro- 
mide liberated, our results, especially those obtained with the three bromo- 
substituted stearic esters, may be taken as an indication that isomeric fatty 
acids are utilized at different rates. Further work is needed to decide 
whether such a statement may be extended to natural, non-substituted, 
fatty acids. 

In a more detailed examination of our data the following points should 
be emphasized: (a) The highest degree of fat infiltration was coincident 
with the lowest rate of bromine excretion and therefore presumably also 
coincident with the lowest rate of liberation from the fatty acid. (h) The 
acids which eaused the greatest increases in liver fat contamed them bro- 
mine inthe 9,10 and 13.14 positions; that is. in positions which would not 
have physiologically been attacked according to either the 3 oxidation or 
the multiple alternate oxidation theories. On the other hand, the ones 
causing the smallest increases, the 2.3- and 6 ,7-dibromostearic acids, did 
have their bromine in such positions. (¢) A large portion of the fatty acids 
accumulated in the liver had already lost their bromine. No evidence ts 
available on the nature of the dehalogenated products, although, at least in 
the case of the 9, 10-dibromostearic acid. they probably were not identical 
with either the corresponding saturated VPable or Wnisaturated (2) com- 
(/) Phe 


pounds, as these do not accumulate to such a degree in the liver, 
10, 1-dibromoundecy lic ester was toxic, though not so much as the 
rated ester. The tONICHY of triundeevienin been Interpreted tis dle- 
pendent upon a very rapid oxidation enhanced by the terminal double bond, 
possibly with liberation of large amounts of formaldehyde (15). Since in 
Our experiments the eftects ot the bromo ester resembled miore Closely those 
of the unsaturated rather than the saturated compound, the idea that the 
bromine atoms also enhance the actiy ity of the carbons to which they He 
attached appears reasonable. 

These considerations suggest a tentative explanation of our results. The 
removal of the halogen would be a stage preliminary to the turther utiliza- 
tion of the fattv acid. The rate of the process would vary with the position 
of the bromine atoms on the carbon chain, those on the middle of the chain 
being least easily attacked. Moreover, it the debromination occurs at 
POSITIONS where the saturated acid would normally be attacked by 3 ONIda- 
tion, then the product or products would be similar to Cor easily converted 
into) those formed in the first stages of the physiological degradation, and 


the organism would have no difficulty in their further disposition. [ff on 
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the other hand, the initial removal of the halogen occurs at positions not 
normally attacked by 6 oxidation, the produets would be used with mueh 
greater difficulty and would tend to accumulate in the liver. 

It is perhaps unnecessary to emphasize that at the present time this must 
be considered merely as a working hypothesis. 


SUMMARY 


Fasting rats were given single doses of the ethyl ester of fatty acids in 
which 2 bromine atoms had been substituted at various positions on the 
earbon chain, and the total fatty acids in the liver and their bromine con- 
tent determined. The highest degrees of fat infiltration were obtained after 
giving 9, 10-dibromostearic ester, followed in order by 13, 14-dibromobe- 
henic, 6,7-dibromostearic, and 2,3-dibromostearic esters. Most of the 
fatty acids accumulated in the liver had already lost their bromine. The 
10,1 t-dibromoundeevle ester was highly toxie. A hypothetical interpre- 


tation of these results is suggested. 
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THE PREPARATION OF THE HIGHLY ACTIVE BARIUM SALT 
OF HEPARIN AND ITS FRACTIONATION INTO TWO 
CHEMICALLY AND BIOLOGICALLY 
DIFFERENT CONSTITUENTS 


By MARVIN H. KUIZENGA ano L. BAYARD SPAULDING 


rom the Research Laboratories, The Upjohn Company, Kalamazoo) 
Received for publeation, Mareh 1, 1943 


Since the fundamental work of Hlowell (1) on the blood anticoagulant 
whieh he designated as heparin, and which he prepared in sufficient purity 
to permit a physiologic investigation of its funetions (2), very pure prepara- 
tions of this material suitable for clinieal use have been obtained (3-5). 
“Tnvestigations concerning its chemical constitution have been carried out 
5S) and itis generally agreed that heparin consists of one or more chon- 
droitin- or mucoitinsulfurie acids (9). 

[nou study of methods for the extraction of heparin from beet lung, we 
have been able to obtam preparations ot satistactory purity hy the method 
of Charles and Seott (8.5). The vields of crude heparin obtained were 
the same as those reported by these authors (4). By an alteration of pro- 
cedure, if was tound that at least 2 times as much heparin could be ex- 
tracted from lung tissue and obtamed as a crude heparm. After the prep- 
ation of the barium salt, assaving lOO units per mg., two definitely different 
fractions of the sodium salt could be prepared, one of higher activity and 
one of lower activity, the latter of Which could not be transtormed by hur- 


ther purification into a sodium salt of higher activity. 


EXPERIMENTAL 


of paralions After a caretul COM Parison ot heparin 


methods, whieh constitutes ct report from this lnboratory, 
we have found that quantitative results could most easily be obtained by 
the use of reealetied citrated sheep plasma. The end-point of the assay 
or the transition trom clotted to fluid samples with increasing concentra- 
fions of is sharper tor this plasma than tor whole eat blood, 
heel or horse 

The anticoggulant activity of an unknown preparation is obtamed as 
follows: A series of standard tubes is set up contaming 1.2, 14, 1.6, 1.8, 
2.0, and 2.2 units of standard heparin in 0.5 ce. of O85 per cent sodium 
chlomde solution. With most samples of sheep plasma the transition trom 
‘elot to fluid will occur at the center of this range. Similarly, the unknown 
heparin solution is set pin 2 series of tubes covermg a range of dilutions 
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estimated to be comparable to that of the standard. — 1 ce. of citrated sheep li 
plasma is added to each of the tubes. te 
In order that the time factor may be kept constant between standard p 
and unknown tubes, all series are arranged in ascending order of heparin tl 
content with the standard and unknown tubes in parallel rows. From left i 
to right, the optimum amount of calcium ehloride solution is added alter- tt 
nately to standard and unknown tubes from a micro burette. The tubes ir 
cure lHnmediately stoppered, mverted three times to mix the eontents, and 
kept at room temperature for | hour. They are then examined by invert- el 
ing them and the results recorded. n 
With sheep plasma, when increments of 0.2 unit are used, the samples )) 
of the standard series are either firmly clotted so that there is no flow after h 
inversion, or they are completely fluid so that they flow easily.  Question- Ue 
able fluid or clotted samples are seldom eneountered. The minimum c 


amount necessary to prevent clotting is easily determined and the biologi- 
cal activity can be evaluated in anticoagulant units, | unit being that 
amount of activity contained in | mg. of the sodium salt as supplied in 
solution by the ( onnaught Laboratories of Toronto. 

We have found the error of this assay method to be less than 10 per cent, 
To obtaim a corresponding degree of accuracy by the cat method (3) it 
Was found necessary to run at least seven individual assays on each prepara- 
tion. When heparins of various degrees of purity were assaved by beth 
methods, parallel results were obtained. 

paration of paris pound quantities ling Were proc- 
essed according to the procedure (‘harles and Scott SCVECT) 
individdal lots, the crude heparin obtained varied from 4.0 to 6.9 ussav 
Units per mg. 


13) changing the conditions of the autolysis, we have tound that the 


vield of heparm could be much increased. [Tt was first observed that addi- 
toon of water to the ground ling, before it was kept af room temperature 
24 hours, vielded greater amounts of anticoagulant. The degree of autol- | 
Vsis Was further mereased for different batehes by heating the mixtures : 
to So) and 45°, tor varving periods of time, and then allowing them to 7 
stand at room temperatures tor either 24 or 4S hours. \s a result of these : 
experiments, it was tound that the best vields of heparin could be obtained . 
by the tollowing procedure. LOO pound quantities of frozen lung tissue | 


were ground and mixed with [6 liters of water. The mixture was heated 
fo 35° for > hour and then kept at room temperature (25-30°) for 24 hours. 
ce. of xvlene were added to inhibit putrefaction. Increasing the imeu- 
bation at 35° to 4 hours or allowing an extra 24 hours at room temperature 
did not improve the vields, but caused increased difficulty in filtering. 
The autolvzed material was extracted with a solution consisting of 45 
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liters of O.75 N NaOH and 7.6 liters of saturated ammonium sulfate. The 
temperature of the mixture was kept at 55° for 2 hours. After the tem- 
perature Was increased to SO°, 90 liters of filtrate were obtained by filtra- 
tion through a Shriver press. ‘Uhis filtrate was acidified with sulfurie acid 
to pH] 2.5. The precipitate thus obtained was collected in a supercentri- 
fuge and, without washing, was suspended in aleohol to remove fatty 
material, After removal of alcohol by filtration, the trypsin digestion was 
carried out by dissolving the precipitate in 4 liters of water with the aid ot 
enough 2.N NaOH to vield a solution of pH 8.5, and by adding 30 gm. of 
trypsin (12300) and maintaining the pH between 8.0 and 8.5 and the tem- 
perature at 38° fora period of 60 hours. The crude heparin was obtaimed 
by precipitation with 2 volumes of alcohol, followed by re-solution, heating 
to ana reprecipitation with 2 volumes of The ot the 


erude heparins obtained by this procedure are given in ‘Table I. 


TABLE | 
Yield. parin Com ple fely Autolyzed Beef Lung Pound Cuantitre 


(Crude heparin 


! \ssay befor Wei 
rvpsin dive 
Assay Potal un 
umils per me 
S3-LBS-1 745,000) S46, 600 
GS-LBs- 730,000 10.0 S70. 000 
106-LBS-1 730, 000) 12.0 1,032,000 
1 S50 GOO 13.0 845.000 
112-LBS-1 770.000) 20.0 700,000 
115-LBS-1 790 O00 13.0 S58 000) 
118-LBS:!] 704.000 71 12.0 S52 000 


The only essential difference of this procedure trom that ot Charles and - 


Scott (4) is the degree ot autolysis ot the ling tissue. That this is very 
can be seen by comparing the results obtaimed by the two 
cedures. The preparations given in Tabie I contain twice as much anti- 
coagulant activity as those obtaimed by the old procedure. The purity of 


the crude heparm obtained after complete autolysis was also more than 
twiee as great as that obtained by the old method. The incompletely 
autolyzed extracts showed a great difference of activity before and after 
trypsin digestion. “This difference was not nearly so great for the com- 
pletely autolyzed material, 

Pre paration of Salt of Heparin further purification, the 
crude heparins of Vable Tare the better starting materials, sinee greater 
ease Ol operation with improved vields of the barium and sodium salts oi 


heparin are made possible. 


n 
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In the attempt to follow the procedure of Charles and Todd for further 
purification, great difficulty was encountered in obtaining a clear, light 
colored filtrate after additions of animal charcoal. Considerable purifies- 
tion could be accomplished, however, precipitation pil 60.0 with 35 
per cent The imactive precipitate contained the charcoal plus 
other inactive material. By inereasing the aleohel concentration of the 
filtrate to 65 per cent, all the setivityv in the starting material was found 
In the light colored precipitate, which assaved between 35 and 50 units 
per mg. Numerous experiments were curried out to determine, first. 
whether the ammonnim salt should be precipitated before the barium 
salt is made and, second, What the optimum coneentration of acetic 
Ix for the precipitation of the barium salt with maximum recovery of ae- 
tivity. 

The highest purity and best yields were Obtaimed by making the barnim 
salt directly from the 65 per cent alcohol precipitate by solution with am- 
and subsequent reaction with BaClh at After separation 
of inactive material the supercentrituge, the bartim salt is quantita- 
tively precipitated In the presence per cent BaC'l, with 30 
per cent HeeTIC applreation procedure, the alt 
HSSHVING between SO and per mg. can be obtaimmed i vields of 
SD) to OO per cent. 2 particular example, Preparation of 
Table vielded 5.5 Of Salt Which assnved SO wunits Der 
and represents theretore a vield ol SS percent. Some ot the barnim salts 
prepared in this wav assaved LOO tnits per meg 

Pre paration of Sodium Salt making the Sait. it Aas 
that an additional purification could be obtamed by tractional preeipitation 
with acetone al pil SO). \ 2 pred solution (>] the salt 
Was made and Nao€@QOs, added to precipitate the barium as barnim carbo 
nate. Liter removal of bartum carbonate, the to SAD, 
and O.9 per cent and 2d per cent acetone were \iter the 
solution had stood in the retrigerator overnight, simallbamount of inactive 


precipitate Was separated by centritugmg. To the clear filtrate acetone 


was added to make a 40 per cent solution. This was allowed to stand tor 
24 hours and the bighly aetive sodiim salt settled out. whieh was removed 
by centrituging in the cold. To the clear centritugate acetone was added 
make per Solution. The precipitate Wits collected room 


temperature and was less than half as aetive as the 40 per cent acetone 
precipitate, This suggested that the bartum sult contams at least two 
fractions of different Since this brings ite question tlre Homo 
the salt, thiis point Was further 


Qne of our most active barium salts assaving LOO unItS per mg. Was 


assaved by the cat method (3). Tlere again the results madicated the ae 
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tivity to be equal to that of the standard. From this we conclude that the 
activity of this barium salt is at least equal to that of the ‘crystalline 


barium salt’? described in the literature (5, 6). 50° gm. of this material 


were converted to the sodium salt and fractionated with acetone as de- 
seribed above. “The less active fraction precipitating with 65 per cent ace- 


Analytical Data of Fractions Obtained from Most Highly Active Bartum Salt 


Fraction salt \ssay Total ash 
unils per m per cent per cent per cent 

\ 10.02 29.7 

Na 125 1.8 11.84 2 


Phe nitrogen was determined by the Dumas method, and the sulfur by the Carius 
afte thie Samples had been dried aT LOO Over We wish te) 
thank Mer. Harold I:merson for making these determinations. 
tone was reconverted to the barium salt and again separated into two so- 
dium sults. The results are given in the accompanving diagram. 

Fractionation af VWost Highly Active Barium Salt of Heparin Tivo Distinet 
Sodium Salts of Different Biological Activity 


hraction Basalt; lOO units per mg.; total units = 5,000,000 


Fraction Bo 26 gm. Na salt; 40% acetone Fraction C. 16.5 gm. Na salt; 65% 
12 Units per Mg.; total units acetone ppt.; units per mg.; total 
$250, 000: +96 units = 742,500 


Rraction D. 11.5 gm. Ba salt; 65 units per mg. ; total units = 747,500 


hraction | 100% acetone ppt.; 0.050 Fraction F. 65% acetone ppt. Na salt; 
ymi.; 30 units per mg.; total units 10.5 gm.;65 units per mg.; total units = 
682,900 


The nitrogen. sulfur. and total ash eontent, along with the biological 
aetivity of the important fractions in the diagram, are given in Table IT. 
The low nitrogen, high sulfur, and total ash content of Fraction B agree 
well with the data reported in the literature for the most active sodium 
salts (10, 11). The speeifie rotation of +-56° also characterizes it as a 


heparin preparation similar to the most active fraction of Jorpes, who 
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reported rotations of +56° to +63°. Fraction F of lower activity must, 
however, be considered as a chemically different constituent of the 100 
units per mg. barium salt, since it cannot be purified into the 40 per cent 


acetone precipitate of high activity. 
DISCUSSION 


It has been shown by Charles and Seott (3) that autolysis makes possible 
the extraction of amounts of heparin greater than can be obtained by ex- 
traction of unautolyzed material. The average vield of crude heparin re- 
ported by these workers in 2 subsequent communication (4) was 353.000 
units per 100 pounds of lung processed. As a result of further Investiga- 
tion of autolysis of lung tissue, we have found that more complete autolysis 
made possible the extraction ot an average ot SOO per pounds 
of lunge. or about 2.5 times that previously obtaimed., 

Disagreement exists in the literature as to whether heparin is a pure 
chemueal substance (6) ora mixture of closely related chemical substances 

4,11). The results of the fractional precipitation of the sodium salt with 
acetone at pH S.O show that two distinet sodium salt fractions with ditfer- 
ent biological activities can be obtained from. the purest barium salts, 

These observations further support the conclusions of Jorpes (11), based 
on the tractional ervstallization of the brucine salts. that the heparin ae- 
tivity extracted from beef lung is given not by one but several closely re- 
lated chemical compounds, 

The recent Interesting findings ot Jaques ana coworkers thisat 
the heparins of different Species Var greatly In nological activity madicate 
also that the anticoagulant activits to which the tern heparm been 


upphed is not given by one single chemical substance. 


SUMMARY 


By optimum autolysis of lung tissue, increased amounts. ot heparin 
could be extracted. The greatest amount that could be obtained was ] 
million units per 100 pounds of lung tissue. Purification of the erude 
heparin can be carried out so that barium salts assaving SS to LOO units 
Per Can be obtained in Vields ot So to per cent. 

The most active barium salts, when fractionated at pH S.O by precipita- 
tion with acetone. vielded two distinethy different soditum salt- 
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THE EFFECT OF CHOLINE DEFICIENCY ON THE FAT 
CONTENT OF REGENERATED LIVER 


sy PHILIP HANDLER ann FREDERICK BERNHEIN 


(From the Department of Physiology ahd Pharmacology, Duke University School of 
Medicine, Durham, North Carolina) 


(Received for publication, 14, 19438) 


Young rats fed a low protein, high tat, choline-free diet tail to develop 
fatty livers when sufficient nicotinamide is included in the diet to prevent 
growth (1). The ingestion of a diet devoid of both methionine and cho- 
line catises rats to lose weight rapidly and them livers contain slightly 
subnormial amounts of fat.) Rats also tail to grow or develop tatty livers 
on diets simultaneously deficient in choline and either thiamine (2), ribo- 


flavin (3), pantothenic acid (4), or pyridoxine (5). In view of this correla- 
tion, it tias been suggested (1) that the normal fat content of these livers, 
despite the choline deficiency, does not necessarily indicate that these 
members of the vitamin B complex have specific roles in fat metabolism. 
father does if appear that the fatty livers of choline deficiency can only 
be induced when all other dietary factors are close to optimal tor growth. 
It seemed of interest to determine whether the factor involved is the metab- 
olism and growth of the liver itself or the over-all metabolism of the grow- 
ing rat. To do this it was necessary to obtain conditions in which the 
livers of a group of rats were growing while the rats themselves were losing 


wereht, 


| EXPERIMENTAL 


The metabolism of rats is not seriously impaired by partial hepatectomy 
6). When as much as SO per cent of the total weight of the liver is re- 
moved, the remaining liver regenerates rapidly and within 15 days will 
weigh as much as the liver of a normal rat of the sime age and weight. 
This regeneration can oecur even while the rat eats a diet which will not 
permit growth of the entire animal, as the following experiment will show. 

Hepatectomy was performed under ether anesthesia by the technique 
of Higgins and Anderson (6). Sulfamilamide was dusted into the pert- 
toneum and the subcutaneous area just before the incision was closed. 
The animals were fed a stock chow (Rockland) for 3 days following the 
operation. About 50 per cent of all hepatectomized animals survived this 
period and were used tor the dietary experiments. Lxamination of the 
livers of the animals which died in the first 3 davs and of a group of control 


Handler, unpublished data. 
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rats deliberately hepatectomized and sacrificed tor this purpose showed 
that the liver remaining in the animals atter the operation varied between 
and 1.7 


Basal Ration A contained casein 15, corn-stareh 20, sucrose 25, lard 35. 


5 gm. in the largest rats emploved. 


and salts (7) 5. Basal Ration B, the low tat diet im these studies, con- 
tained casein 15, corn-starch 20, sucrose 55, lard 5, and salts (7) 5. To 
each kilo of basal diet were added thiamine chloride 2.5 mg., pyridoxine | 
hydrochloride 2.5 mg., calcium pantothenate 30 mg., riboflavin 5 meg., 3- 
diacetate | and choline chloride 2.0 gm, 


Hach rat received 2 drops daily of cod liver oi Thiamine and choline 
deficiencies were induced by completely omitting these substances from | 
TABLE | | 
ffect of Iercessive Nicotinamide and of Thiamine [ie neu on kat Content of | 
Re generated Rat Live: 
g per on per 
weigh 
Z No choline 20 9.03; 23.4 3.9 | 9.54 21.9 
No choline, no thiamine 0.7 6.0 | 7.201 19.0 1.3: 6.9 | 7.24) 21.7. |‘ 
|.8| 8.1 | 8.33 15.2 2:0, 8.8 | 7.511 144 | 
oa nothiamine: 0.5°9.2)5.77). 4.9. 0.67.0 5.2 
Hb 3.4 3.0 +12 2s | 
this supplement. When nicotinamide was incorporated in the diet, an | 
equivalent amount of corn-starch was omitted. | 
Five rats of mixed sexes were used in each group. All rats weighed | 
between 100 and 120 gm. when put on the experimental diets. The ettect 
of excessive nicotinamide feeding and of thiamine deficiency on the fat 
content of regenerated liver is summarized in Table I. The rats were 
sacrificed by decapitation after 14 days on the experimental ration. The 
animals in Groups 4b and 6b were saerificed 12 days later. fatty aeids 
were determined by hydrolysis in 5 per cent KOH, acidification, extraction | 
| 


with ether, drving the ether extract over NaoSQO,, and weighing the residue 


aiter evaporation of the ether. 
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Growth proceeded at approximately equal rates in the normal and hepa- 
tectomized animals under each dietary condition emploved. The liver 
weights in both sets were also very close, showing that regeneration was 
almost complete in days. Choline deficiency resulted in very fatty 
livers in both normal and hepatectomized animals (CGrroups 2), which were 
not quite so marked on the low fat diet (Groups 5). The ingestion of 2 
per cent nicotinamide resulted in a rapid loss of weight. This is in agree- 
ment with data previously obtained (1). The somewhat greater loss in 
weight mm the normal control animals may suggest the liver as the site of 
trigonelline synthesis. With less available enzyme tor the methvlation 
of nicotinamide, methyl! grolip deprivation may not have been as severe 
in the partially hepateectomized animals as in their controls. 

Despite the loss in weight in the nicotinamide-fed animals, liver weights 
in both groups were in good agreement. This may be taken to indicate 
complete liver regeneration. In the course of 2 weeks the livers of the 
hepatectomized animals doubled their size, while the animals lost about 
20 per cent ot their original body weight. Yet, despite the choline de- 
ficieneyv, neither hepatectomized nor control animals showed an abnormal 
liver fat content. Since the livers of the hepatectomized animals were 
growing rapidly, this suggests that the failure of fatty livers to appear, 
when there were mixed deficiencies of choline and members of the vitamin 
B complex, may not be specifically due to an imperfection in liver fat me- 
tabolism: but is, rather, a reflection of the impaired over-all metabolism 
of the rat. 

This view is further supported by the observations made on thiamine- 
deficient rats. Crrowth on this simultaneously choline- and thiamine-de- 
ficient régime (CGeroups ta) proceeded rapidly at first and had reached a 
plateau at the time the animals were sacrificed. This is best seen in Fig. 1. 
The livers of these rats were decidedly tattv. However, as the deficiency 
became more pronounced the animals rapidly lost weight and simultaneously 
there was a diminution ot the liver fat (CGirroups 4b). Despite the con- 
comitant choline and thiamine deficiency, liver regeneration proceeded rap- 
div and was complete in Tt days. The curves in Fig. 1 depict the 
growth ot the hepatectomized animals and are very similar to the curves 
obtained with the normal animals which are, therefore, not included herein. 

valuation of the significance of the data obtained in Groups ta and 4b 
was complicated by the well known sparing action of high tat diets on the 
thiamine requirement (8S). On the low fat, choline- and thiamine-deficient 
diet growth was exceedingly poor trom the outset and terminated sooner 
than on the high tat diet; so that the growth rates recorded for Groups 
ba do not reflect the growth curves (Fig. 1). From consideration of these 


growth curves it appears that the liver fat concentration of the choline- 
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ja or 6b had abnormally fattw livers at any time durmg the experimental 
period, Since on the choline- and thiamine-deficient, low fat diet liver 
regeneration appeared to be complete in 2 weeks although the liver fats 
were normal, further support is given to the view presented above. 

This pieture is further clarified by the data presented in Table II. All 
animals weighed between 60 and SO gm. at the start of the experiment. 
They were fed a 15 per cent tat diet contaiming choline but no thiamine for 
i2 davs before partial hepatectomy was performed and were also offered 


this diet hor the followimne dave before set out on the experimental 


diets. 

All the animals in this study were thiamine-deficrent at the time of 
hepatectomy. Still, liver regeneration was complete on each dietary 
régime emploved. The growth rate in the absence of choline was some- 


what reduced but liver fats were greatly clevated. However, when thia- 
mine as well as choline was omitted from either the low or high fat diet, 
the rats immediately commenced to lose weight and their liver tat content 
was actually below normal, although the liver itself increased in size. “Thus 
it appears that the failure of fatty livers to develop in mixed thiamine and 
choline deficiency does not necessarily indicate a defect in liver tat metab- 
olism indueed by thiamine deficreney but rather reflects an abnormality 
in the over-all metabolism of the animal. 

These considerations do not apply to the choline-resistant fatty livers 
Induced Ly the feeding of excessive amounts of biotin or beet liver ex- 


tracts (4 
SU VMEARY 


|. Liver regeneration in partially hepatectomized rats proceeded rapidly 
in choline as well as mixed choline and thiamine deficiency and when the 
growth of the entire animal was depressed by the ingestion of excessive 
quantities Of nicotinamide. 

2 While the regenerated livers of the choline-deficrent animals showed 
the usual tatty infiltration, the fat content of the regenerated livers ot 
choline-deficient rats whose growth was depressed by thiamine deficiency 
or micotinamide teeding was slightly below normal. 

3. It is suggested that the development of fatty livers in choline defi- 
CLOTICN Cadi proceed only When all other dietary factors will permit the 
erowth of the whole rat rather than merely growth of the liver. The eftect 
of deficiencies of members of the vitamin B complex 1) preventing the 
appearance of fatty livers due to choline deficiency is the result of an im- 


pairment of the over-all metabolism of the rat rather than some specific 


detect in the metabolism ot the liver. 
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A chlorophyil-lke pigment, variously known as chlorotucine, chlorophyll 
y, and chlorophyll ¢ (1), has been found, along with chlorophyll a, in cer- 
tain brown algae (1-9), vellow algae (9), diatoms (1, 9-11), and svmbiotie 
algae (3, 8, 12, 13) inhabiting certain sea-anemones (14, 15). As an ex- 
tension of our previous work on the natural occurrence and possible signifi- 
eance of chlorophyll ¢ (1), we have now examined additional marine and 
fresh-water algae including dinoflagellates, diatoms belonging to both the 
groups Pennales and Centrales, red, green, and blue-green algae, as well as 
an alga growing in a sea-anemone. ‘The two most abundant of these 
groups, the diatoms and dinoflagellates (16, 17), play a predominant part 
in the world-wide production of carbon compounds. 

Numerous and persistent doubts (18-23) about the occurrence of 
chlorophyll ¢ in the plant extracts as well as in the cells themselves have 
stimulated us to seek additional, pertinent experimental facts relating to 
the suggested postmortem formation of this pigment (19). Our investiga- 
tions have included determinations of the relative amounts of chlorophvlls 
aand cin extracts prepared in various Wavs from organisms vielding much 
chlorophyll «We have also examined various alteration products of 
chlorophvll a@ that might conceivably be confused with chlorophyll ce. 
The controversial aspects of the earher results and conelusions will be 
considered in the light of our own experiments. 


EXPERIMENTAL 


Plant Material Large marine algae were collected at low tide near Moss 
Beach, north of Half Moon Bay, California. They were identified for us 
by Dr. Gilbert MI. Smith of Stanford Universitv. These algae were always 
examined microscopically tor the presence of epiphytic diatoms and other 
algae, and anv material which showed more than negligible contamination 
was discarded. A singlar examination was made of filaments of the two 
epiphytic diatoms collected trom the same loeality, [sthmia nervosa Wiitz- 
ing, a centric form, and Naricula torquatum (Wm. Smith) Cleve, a pennate 
form. These two diatoms as well as others grown in pure culture were 
identified by Mr. Paul S. Conger of the United States National Museum. 

fresh-water, pennate diatom, Netzschia palea (Khiitzing) Wm. Smith, 
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Was growh In pure culture im morganic nutrient mediim under ‘“snow- 
white’ friorescent halts, Noiteschia Clostervum head pre- 
viously (1, 24). The marme centric diatoms Stephanopyrts turris (CGre- 
ville) Ralfs and Thalassiosira gravida Cleve were grown in light from 
north windows im filtered and stemlized sea water enriched with potas- 
slum nitrate, dipotassium phosphate, “water glass. and soil extract. 


These two diatom cultures were each derived trom a single filament sand 


were Tree ot other alone ProtoZoa, Ot \dditional 
information coneerning the culture of dintoms may be found elsewhere 
(25. 20 


In November, 1942, our attention was directed to a heavy crop of the 


fresh-water dinoflagellate (Mailer) Ehrenberg grow- 
Ing In a concrete tank moa lath house. A microscopic examination. of 


material skimmed from the surtace revealed Jess than 1 per cent con- 
tamination by other pigmented organisms.  Vhis bloom provided a natural 
culture of high puritv until mid-Januarv, when the pool was drained, 

Diatoms in the culture solutions and Peridinziiam trom the tank were usu- 
ally concentrated in a Sharples supercentrifuge and finally collected in glass 
eentrituge tubes in which the extracts were subsequently prepared. Cen- 
trituged diatoms appeared vellow green to brown-green; thie dinoflagellates 
were chocolate-brown to black. When concentrated, these dinoflagellates 
always smelled cured, ripe 

\ eoneentrated source Ol single Species Wits found 


in the COTM Pacitic COast ranthogrammica 


(27). The alga in this sea-anemone could be seraped trom the exterior 
lavers or squeezed im masses troin the severed tentacles. “These masses 


Ot cells chocolate-brown. as. Wer the centrifuged cells 


kor pigment studies, the following material Was ¢xamined: scrapings trom 


the column wall, amputated tentacles, and cells squeezed trom the interior 
of the tentacles. Indication that this svimbtotie alga is allied to the dino- 
Hagellates been obtaimed Prom ¢ of the vanthophvll pigments, 
These xanthophyvlls, which are being studied further, are identical with 
those prepared by us trom Peridincum cincfum, “The principal xanthophvll 
ot the svmibiotic alon had been tound thus far only Th dinoflagellates (20), 
and the alga trom the sea-anemone are the first 


organisms found to contain ehlorophs unaccompanied by tucoxanthin. 


Mri thods 


As in our earher investigations on algal chlorophvils, extensive use has 


heen made ot partition, chromatographic adsorption, ana spectral absorp- 


tion methods tor the preparation, detection, and estimation of chlorophyll 
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e (1). For extraction of the pigments, 0.2 to 2 em. of centrituged cells was 
agitated with about 45 ml. of solvent (usually methanol containing 0.2 to 
0.5 per cent of carefully purified dimethvlaniline). After 5 to 30 minutes 
the cell suspension was centrifuged, and the clear, vellow-green supernatant 
liquid was decanted through a small, lint-free filter paper. The sedi- 
mented cells remaiming in the centrifuge tube were again suspended in 
about 25 mil. of solvent and, atter several minutes, sedimented again by 
centrifugation. Supernatant liquid obtained in this wav was decanted 
through the same filter emploved tor filtration of the first extract. Finally 
the cells were extracted with another 25 ml. portion of solvent, as just 
described, ‘The centrie diatoms, Stephanopyais and Thalassiosira, and 
the slimy scrapings trom the sea-anemone required a total extraction period 
of several hours tor complete removal of the prgments. extraction of the 
pigments from the other diatoms, trom Perfdinzum, and from the alga 
squeezed out of the sen-anemone was complete ina tew minutes, 

For spectral absorption measurements, a portion of the combined 
methanol extracts was diluted with methanol and the light. absorption 
measured with the photoeleetric spectrophotometer described by Smith 
(20). All measurements were begun within a tew minutes after preparation 
of the extracts. Solutions that had stood tor more than a few hours were 
never utilized for these measurements or tor preparation of any of the 
pigments, 

Owing to the ease with which spectral absorption properties of various 
substances he compared by use of the characteristic absorption Curves 
ithe plot ot log log (15/1) versus wave-length), we have continued to use 
this method for presentation of experimental results. In order to facilitate 
comparison of these spectral curves with one another and with curves in 
our earlier paper, all the results have been plotted on the same scale (1). 

Separation of pigments by chromatographic adsorption was effected 
through use of adsorption columns (usually 3° 20 em.) prepared from 
drv, powdered sugar (1). Asa rule, prgments adsorbed on the column were 
washed first with petroleum ether, then with petroleum ether contaming 
TRS per cent of n-propanol, ana subsequently with petroleum ether COlL- 
taining 2to ¢ per cent of n-propanol. 

(Chlorophyll ¢ was also prepared by repeated partition of the extracted 
pigments between methanol (50 per cent) and ether, as deseribed previ- 
ously (1). Nanthophvils contamed in extracts of dinoflagellates were 
exceptionally soluble in the dilute methanol. Consequently, removal of 


these pigments trom the chlorophvil required as as ten partitions 


between the dihite methanol and ether. 
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Results 


Occurrence of Chlorophyll ¢ in Plant HNatracts  -kig. | shows, tor the red 


region of the spectrum, the characteristic absorption curyes for methanol 


extracts of some of the organisms investigated. The shape-ot the curves 
for the extracts and the position of the absorption maximum indicate a large 


proportion of chlorophyll a. Divergence of the curves for the extracts 
from that for chlorophvll a demonstrates the presence of another pigment, 


PeRi- | PENNATE CENTRIC SYMBI- di 
DINIUM. | DIATOM. | | DIATOM. S| | 
| | | 
CHPHL 3 / CHPHL 3 CHPH! a 
; 
CHPHL.C! CHPHL c 
600 680 600 680 600 680 HAC 


B C 


hig. 1. Characteristic absorption curves for pigments in the methanol extracts of 
Varlous algae. The lippermost curve ecireles represents absorption by all pigments 
in the extract. The ehlorophyll a curve represents absorption bv chlorophyll ain 
the extract. The dots represent the ealculated absorption values for the difference 
between the absorption bv the extract (ecireles) and the absorption hy chlorophyll ad 
in the extract. These difference values are caleulated as the log ((log (/.//) for ex- 
tract) log (f,/f) for chlorophyll a In extract)). The curve for chlorophyll e 
from Fig. 2 (lower curve) is arbitrarily superimposed on the difference value at 635 
A, fresh-water dinoflagellate Peridinium fresh-water pennate 
diatom Nifzschia palea; C, marine centrie diatom Stephanopyris turris; marine 
centric diatom Thalassiosira grarida, symbiotic from the SCM - 


Bu nodactis fhogrammica 


or plgments, that must be readily extractable trom the tresh cells with 
methanol, 

Subtraction of the tractional absorption due to chlorophyll a trom the 
total absorption gives the absorption due to pigments other than chloro- 
phyvlla. Results of such caleulations are shown in Pig. 1, to Values 
obtained in this wav are in moderately good agreement with the charac- 
teristic absorption curve tor chlorophyll «© prepared by partition of the 
extracted pigments between 50 per cent methanol and ether. \t wave- 
lengths shorter than about 600 the difference values 


great deal by absorption due to vellow pigments. This is readily obsery- 
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able with extracts of the centric diatoms and of the symbiotic alga that are 


rich in strongly absorbing orange-vellow xanthophylls. When corrected 
for absorption by these carotenoid pigments, the difference values are in 
still closer agreement with the absorption curve for chlorophyll ¢. This 
general correspondence in shape of the difference curve with the curve for 
chlorophyll ¢ indieates that the green pigment in the algal extracts, in 
addition to chlorophyll a, is primarily or solely chlorophyll e. 
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big. 2. Absorption eurves of chlorophyll ¢ prepared from the fresh-water dino- 
fagellate cinetum and from the marine diatom Nilzschia closterium by 
partition of the pigments between met hanol (50 per cent) and ether. The curves are 
superimposed arbitrarily at 635 mu. The inset shows the data for Persdinium plot- 
ted as log Solvent, methanol. 

big. 3. Relative proportions of light absorbed by chlorophylls a and ¢ in methanol 
extracts of Peridinium cinetum and of the pennate diatom Nitzschia palea.  Absorp- 
tion by vellow pigments, which is large in the blue region of the Spectrum, is not 


considered in the enleulation (24 

As further proof that chlorophyll ¢ from dinoflagellates is identical with 
chlorophvil «¢ from diatoms, this pigment was prepared from Peridinium 
by partition, and its spectral absorption properties were determined. ‘The 
spectral absorption curve, reproduced in Fig. 2, is in remarkably good 
agreement with that of chlorophyll ¢ from-Nitzschia (1) exeept in the 
spectral regions where the absorption is very small. In these regions, 
absorption could be influenced a great deal by traces of other colored sub- 


stances, 
With respect to adsorbability upon columns of powdered sugar, chloro- 
phyll © preparations from Peridinium, from diatoms, and from the sym- 
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biotic alga were identical. Chlorophyll ¢ prepared trom these sources by 
adsorption Was fluorescent, ether solutions exhibiting a fluorescence band 
at about 635 mu. 

Even a cursory examination of Fig. | reveals that the extract of Perv- 
dinium contains relatively more chlorophyll ¢ than that of any of the dia- 
toms. The amount of light absorbed by this pigment relative to the 
amount of light absorbed by chlorophyll a at various wave-lengths is shown 

Fig. 3. Similar values for the fresh-water pennate diatom, Velzschia 
palea, are also shown in Fig. 3.0 Values for the centric diatoms and for 
the svmbiotic alga fall between the two curves. Values for the marine 
pennate diatom, Nai ila cLit? slightly lower, apparent that 
Lr methanol ertracts diatoms: snc dinoflagellates, chlorophy oabsorbs 
mare light than does chlorophy || (/ throughout if laree region ot the Spec- 
trum. Whether or not this same relationship prevals in the hving cells 
oreven in extracts prepared with other solvents is an important question 
not now answerable. 

The relative proporl lons of chlorophylls aand cin methanol extracts 


“alse compared ise of the ratio of the 


ttbsorption Hit.) to threat til ‘Phese correspond 

lengths, owing t ‘ the fatness Ot thi plement experimental Crrors 
aré at 2 pire chlorophy t bie hor chloro- 


phyvll ¢ it is O11; for mixtures of the two pigments intermediate values 
are obtained, the larger values indicating a larger proportion of chlorophy 
a, the smaller values indicating a larger proportion of chlorophylle. Aver 
age Values obtained tor the methanol extracts otf several Species were tor 


phanopysris 3.98, Phalassiosira gravida BAL, patea 3.04, 

Notfeschia closteriian o (2, Narieula mm Krom these absorption 


ratios, it will be possible to caleulate the exact proportions of chlorophylls 


cin t his CXNTracts ws as Phe specie gbsorption coetherent 
i i i 


chlorophyll ¢ is determined, 
(Chlorophyll e Was not observed in) extracts Ot about it red 


One bhlie-green one englenoid., hour green and a miumber ot 


higher plants. Chlorophyll was not observed in any of the plants that 
vielded chlorophyll ¢ nor in red algae. of green algae, of 


gracilis (grown in pare culture), and ot higher plants, all of which contained 
chlorophyll 6, vielded difference curves corresponding to the absorption 


eurve of chlorophyll 


chlorophyll eis a natural constituent of the rotaant cells Gin the same sense 


that chlorophyll ais a natural constituent), the amount extractable from 
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a given organism should not vary when the cells are killed and extracted 
in ditferent wavs. In view of the high chlorophyll ¢ content ot Peridinium 
and because of the ease with which the pigments are extracted, the relative 
amounts of the chlorophylls obtained trom this organism treated in dit- 
ferent Ways have been determined and compared. 

Centrifuged Peridinium cells that were dried in an evacuated desiccator 
containing caleitum chloride vielded a gray-brown powder amounting to 


about 19 per cent of the fresh weight. leven when the cells had remained 
ina vacuum for 6 weeks, the pigments were removed rapidly and com- 


pletely with methanol. Phe spectral properties of such an extract (Pig. 


ORY PERI-Q PERI- PERI- | PERI- | PERI- 
CH,0H | | | | ACETONE | ACETONE | | 100°. H, | | CH30H 
oo} | CH; EXT: | 
100° AIR. | 100° AIR. | 100° AIR. |. 
CH,OH EXT. |4 CH,OH EXT. CH,OH EXT 
wl 
CHPHL. C+ CHPHL. C | 
600 680 600 680 600 680 600 680 600 680 


1 (haraeteristre absorption Curves tot pigsmennts of Peridinitim ernelum 

Lae i } | ‘t of cells dmed can 
extracted unmder aditterent conditions of cells dmed ina vaeuum 
for 6 weeks Ditferenee curve as in Fig.l cef. the text): B, acetone extract of fresh 


eells, with difference curve compared to the curve for chlorophyll e¢ in acetone (ef, 
hig. band the text): (, methanol solution of saeetone extraet of fresh cells, comparegl 
to methanol extraet of heated cells (ef. the text); Y. methanol extract prepared in 
hydrogen Prom ated an hvdrogen, compnared tot he methanol extract 
of cells heated and cooled im sir (ef the text); £, methanol extract of fresh eells, 


compared to the methanol extract of cells hesate and eooled ef. the 


i 1) were in remarkably good agreement with those of methanol extracts 
prepared trom fresh cells (Pig. 1), and the difference curve agreed well with 
the characteristic absorption curve tor chlorophyll 

The presence of chlorophyll ¢ in the algal extracts cannot be due to some 
peculiar reaction between the methanol and the plant material, because il 
similar difference curve, cortesponding to the curve tor chlorophyll ¢, has 
been obtained for acetone extracts (acetone, SO mil.; with water, 20 ml.) of 
fresh Peridinium (Vig. 4, By). In this ease the values for the curve for 


chlorophyll a were taken from Mackinney’s data (30). 


As shown by speetral absorption measurements, the same relative 
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amounts of chlorophylls a and ¢ were obtained from Peridiniwm whether 
the extracts were prepared with methanol under a variety of conditions or 
with acetone. As a basis for the comparison, centrifuged cells were heated 
at 100° in air for 1.5 minutes, cooled, and extracted with methanol. (Heat- 
ing changed the color of the cells to brown-green.) The characteristic 
abserption curve of this methanol extract is repeated in Fig. 4, © to E. 
An acetone extract of an unheated portion of the same sample of Peridinium 
cells was evaporated to dryness at reduced pressure and a temperature 
below 20°. The residual pigments when dissolved in methanol vielded 
the characteristic absorption curve presented in Fig. 4,  Centrituged 
cells placed in a current of hydrogen for | hour and then heated to 100° in 
hvdrogen tor 1.5 minutes exhibited the same color change observed when 
the cells were heated in air. When these heated cells were cooled in hydro- 
gen and extracted with methanol in hydrogen, their extract provided the 
absorption values given in Fig. 4, 2. Absorption values of an extract 
prepared from tresh cells with methanol are presented in Fig. 4, /. 

As with Peridinium, complete extraction of all the pigments from the 
marine diatom Jsthmia nervosa under various conditions always vielded the 
same relative proportions of chlorophylls a@ande. living cells (O.8 gm.) 
extracted at 20° with methanol (50 ml. plus 0.5 per cent dimethvlaniline), 
for fresh cells extracted at O°, and tor cells heated at LOO” for 1.5 minutes 
in hvdrogen, cooled in hydrogen, and extracted at OQ in air, the ratio of 
the absorption at 665 my to that at 635 mu was 3.26, 3.29, and 3.28 re- 
spectively. extraction of fresh cells at —SO° resulted in a verv slow and 
incomplete removal of the pigments. Atter extraction for 3.75 hours, the 
pale vellow-green extract contained relatively more chlorophyll ¢, as is 
indicated by the absorption ratio of 2.98. This lower absorption ratio is 
probably due to preferential extraction of chlorophyll ¢, which is much 
more soluble than chlorophyll a. 

Additional Propertics of Chlorophyll ¢ Neither chlorophyll a nor ¢ 
exhibited more than the faintest fluorescence when adsorbed upon columns 
of powdered sugar trom solution in petroleum ether and viewed in ultra- 
violet light. When the adsorbed pigments were washed with petroleum 
ether containing 0.5 per cent n-propanol, the band of adsorbed chlorophyll 
a became much more strongly fluorescent, whereas the fluorescence of 
chlorophyll not readily observable. With petroleum ether contain- 
ing 2 per cent n-propanol as wash liquid, the chlorophyll a, then mostly in 
solution, was strongly fluorescent. Chlorophyll ¢, on the other hand, 
remained strongly adsorbed and was only tantly fluorescent, 


( ‘hlorophyll C, prepared either from diatoms or from. Peridinium, was 
altered rapidly by hydrochloric acid. Addition of coneentrated hydro- 
chloric acid to a solution of chlorophyll ¢ in methanol or SO per cent acetone 
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eaused the green solution to change instantly to yellow-green. Neutral- 
ization of the acid methanol solution with dimethylaniline did not effect a 
further color change. This neutralized solution exhibited a poorly defined 
maximum at about 593 my but none in the red region of the spectrum. By 
contrast, methanol solutions of chlorophyll a, the isomer chlorophyll a’ 
(31), and@hlorophvll 6 vielded deep blue solutions with concentrated hy- 
drochloric acid, Pheophytins obtained by neutralizing these solutions with 
dimethvlaniline exhibited, pronounced absorption in the red region of the 
spectrum. Pheophytin ¢ is, therefore, not identical with any of these 
other pheophytins. Chlorophyll ¢ cannot be chlorophyll a, a’, or b with 
another metal substituted for magnesium. 

In the dark, at 20°, solutions of chlorophyll ¢ in methanol were mod- 
erately stable. After nearly 2 months, the color of the solutions had not 
changed and there were only slight changes in the spectral absorption 
curve. 

Atte mopted of (Chlorophyll a to (Chlorophyll c perchance 
chlorophyll ¢ should be tormed from chlorophyll @ upon death of the cells 
or upon extraction of the pigments (19), one might expect to find chloro- 
phvll ¢ among the products obtained by exposure of chlorophyll a to the 
eonditions emploved tor extraction and separation of the algal pigments. 
Accordingly, chlorophyll a, prepared trom various sources by chromato- 
graphic adsorption, was dissolved in different solvents and treated ina 
variety of wavs. In methanol at room temperature, the pigment was 
quite stable for several hours. No change was observed in the absorption 
spectrum and no band was observed above chlorophyll a upon readsorption 
of the pigment on columns of powdered SULaP. Solutions that had stood 
for more than a tew hours formed a small additional band below the 
chlorophyll This pigment was chlorophyll a’, which forms rapidly 
when aleohol solutions of chlorophyll a are heated (31). 

\ethanol solutions of either chlorophyll a or a’ when permitted to stand 
In air, either in the dark or in the lights slowly formed other pigments in 
addition to chlorophyll a’ or a. All these pigments were adsorbed above 
chlorophyll a’ on adsorption columns. All but one of the four to six or 
more strongly adsorbed bands on the columns were similar in color to the 
adsorbed chlorophwvll a. Phe exceptional band, which was adsorbed third 
or fourth above chlorophyll a, was much bluer than the others. Pigments 
eluted from the green bands with methanol exhibited absorption maxima 
at wave-lengths nearly identical with those of ehlorophvll a; namely, at 
666 mu. A methanol solution of the pigment from the blue band exhibited 
maximum absorption at a shorter wave-length; namely, at 656 mu. None 
of these pigments was chlorophyll ¢. Pheophytins obtained trom these 


pigments did not resemble the analogous product obtained from chloro- 
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phyll c. For example, pheophytin trom the chlorophyll alteration 
product that formed a blue band on the column exhibited principal ab- 
sorption at 670 mu; pheophytin from a pigment adsorbed just above the 
blue band exhibited maximum absorption at 653 mya; pheophvtins from 
most of the other green alteration products exhibited maximumgabsorption 
at about 666 mu. 

A freshly prepared, dilute methanol solution of chlorophyll a preserved 
in the dark in an evacuated and sealed glass tube for 3 weeks gave the same 
series of pigments obtained trom methanol solutions exposed to air, 
(Chlorophyll a dissolved in methanol containing copper acetate and exposed 
to air for several davs gave rise to a number of pigments several of which, 
in respect tt their color and behavior (ot) adsorption eoliumins, resembled 
those formed in the absence of copper acetate. Chlorophyll ¢ was not 
formed. 

When sunflower leaves or red or green algae were killed with methanol 
or ethanol vapors, permitted to stand for several hours or more, and 
the chlorophylls extracted and then separated by adsorption, a dozen or 


more green pigments Were readily detectable. Some ot these were quite 
strongly adsorbed but none of them resembled chlorophvlle. In the case 


of a green alga, (/ra sp., and sunflower leaves, the speed at which these 
additional products were tormed decreased With a decrease mn Temiperature 
and with a decrease in the amount of oxvgen present. In these plants, 
formation ot ehlorophylides resulting from the action of 
proceeded cleanly and rapidly in hydrogen, no oxidation products being 
tormed., 

Trailing portions of the strongly adsorbed bands resulting from. the 
action of air and alcohol on plant material remained in the upper regions of 
the adsorption columns (32). Adsorbed chlorophyll was readily con- 
taminated by these trailing portions of the bands of altered chlorophvll a. 
To avoid such contamination, tresh, rapidly prepared plant extracts must 
he employed. 

These expertments demonstrate that chlorophyll ais readily convertible 
Into a Variety of products, depending upon the conditions to which the 
plant material and the sohitions are exposed, None of the products Is 
chlorophyll In leat material, formation of the alteration products can be 
attributed to at least three tvpes of reactions: isomerization (381), oxidation 
(33, 34) including oxidation induced by the specific enzymatic oxidation of 
other substances (35), and enzymatic hvdrolvsis or aleoholvsis of the 
chlorophyll (19). In leaf extracts, isomerization as well as oxidation of 
chlorophyll a probably contributes to formation of other products. The 
rapid tormation of chlorophyll a’ from chlorophyll a indicates that subse- 


quent reaction may involve these two isomers rather than one. In view of 
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this and considering, the variety of products formed, we believe that the 
phenomenon of the allomerization of chlorophyll (19, 33, 34) 1s in need of 
further investigation. 


DISCUSSION 


In 1913 and LOLt Willstiitter and Page reported that chlorophyll ¢ was 
not present in extracts prepared quickly trom fresh brown algae with cold 
solvents (19). This claim was apparently based on the absence of the 
absorption band of chlorophylle at about 680 my. They also reported that 
chlorophyll ¢ was present in extracts of stale (’nicht frischen’’) 
and of dry brown algae but did not deseribe the method emploved for its 
detection. From this limited information conclided that chlorophyll 
e Was a postmortem product formed trom chlorophyll a@ by some unknown 
reaction. ‘This conclusion has been concurred in by Kvlin (20), by Mont- 
fort (23), and by Sevbold and his coworkers (21, 22). 

From the experiments summarized in fig. 1, there can be no doubt that 
chlorophyll occurs in the extracts prepared from fresh cells. [tis obvious 
from the curves in this and im our earher paper that the absorption band 
of chlorophyll « cannot be readily observed in these extracts by the spectro- 
metric methods emploved by Wallstatter and Page. Their claim for the 
absence ot chlorophyll ¢ in the extracts of fresh brown algae appears to be 
groundless, 

In HOLE, Wilsehke (9), having observed the fhiorescence band of chloro- 
phivile in extracts of diatoms and brown algae, concluded, contrary to Will- 
stitter and Page, that chlorophyll e was a native prgment. Although Wil- 
schke’s observation was repeated by Dheéré and his assistants (6,7, 10, 11), 
they were unable to detect the fluorescence band of chlorophyll ¢ im the 
GOr@anisims. 

‘This apparent absence of the fluorescence band of chloroptev il ein living 
cannot be regarded chs the absence ot this preen pigment. 
the leat, chlorophylls exist some special physical state or combina- 
tion (32,36) in which torm they are but weakly fluorescent, the fluorescence 
of chlorophyll 6 being barely detectable (37, 3S). Our experiments with 
adsorption columns indicate that under similar conditions adsorbed chlor- 
ophvlle be much less fluorescent than adsorbed chlorophvlla. the 
algal cells, the concentration, the state, and the orentation of the pigments 
may be such that the fluorescent heht trom chlorophyll eis not intense 
enough to be detectable. 

Most workers who have used adsorption columns tor examination of the 
algal chlorophylls have failed to detect chlorophyll ¢ in extracts of diatoms 
(21-24, 39, 40), brown algae (22,41), vellow algae (22), or Peridinium (22). 


In our experiments, with organisms from three ot these groups, this method 
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has never failed to give a positive result, provided the proper precautions 
were taken; namely, use of fresh extracts, complete transfer of the pigments 
from the acetone or methanol extracts to petroleum ether, avoidance of ex. 
posure ot the pigment solutions to heat, and sufficient development ot the 
chromatogram with petroleum ether containing 2 to 4 per cent n-propanol., 

If chlorophyll ¢ were formed from chlorophyll @ (or from any other sub- 
stance) after death of the cells, the ratio ot thses two chlorophylls should 
vary when the cells are killed and extracted under greatly different econdi- 
tions. ‘These changes should be most readily observable in extracts of or- 
ganisms such as Peridinium, that vield a large proportion of chlorophyll ¢. 
Kxperiments already summarized in Fig. 4 indicate that no such variation 
occurs; hence, chlorophyll c must exist in the cells. It is, therefore, not a 
postmortem product any more than chlorophylla is a postmortem product, 

The sinallest proportions of chlorophyll ¢ were found in pennate diatoms 
and in brown algae (1). Somewhat larger proportions occurred in three 
centric diatoms and much larger proportions in the dinoflagellate, Peri- 
dintum cinctum. These three plant classes, diatoms, dinoflagellates, and 
brown algae, are noted for their wide distribution, abundance, and im- 
portance in the world-wide production of orgamic matter. The large 
amount of light absorbed by chlorophyll ¢ relative to chlorophyll a in ex- 
tracts of these organisms (lig. 3) lends turther Support to the view that 
chlorophyll ¢ may be an important pigment in the production of organic 
matter by plants (1). Because of the wide marine distribution of plant 
classes in which ehlorophyll ¢ has been found and because of the restricted 
abundance ot marine plants econtaming chlorophyil chlorophy 
rank with chlorophyll in respect to geographical distribution and abun- 


dance. 
SUMMARY 


(Chlorophyll cocecurs in extracts of both centric and pennate diatoms. It 
occurs in even larger proportions in extracts of the fresh-water dinoflagellate 
Peridinium cinctum and in extracts of a similarly pigmented alga found 
growing svmbiotically in asea-anemone. Chiorophylle was not found in red, 
green, or blue-green algae nor in Luglena. Further evidence has been ob- 
tained that chlorophyll ¢ is a natural constituent of the cells rather than a 
postmortem product. In respect to abundance, to geographical distribu- 
tion, and to possible importance in the photosynthetic apparatus of plants, 


chlorophyll ¢ may rank with chlorophyll}, 

Chlorophyll a, in killed plant tissue, in plant extracts, and alone in solu- 
tion, is converted, by hydrolysis, isomerization, and oxidation, into a num- 
her of strongly adsorbed pore ducts. Although some of these compounds may 
easily contaminate chlorophyll ¢on the adsorption columns when pigments 
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of diatoms and dinoflagellates are separated by adsorption, none of these 
products is identical with chlorophyll ¢. evidence has been obtained that 
allomerization of chlorophyll may be a very complex process involving iso- 
merization as well as oxidation reaetions. 


We wish to thank Mir. Paul S. Conger of the National Museum for tax- 
onomic identification of the diatoms, and also Mr. Philip Carpenter for 
calling our attention to the bloom of dinoflagellates. Dr. Gilbert M. Smith, 
Dr. J. H.C. Smith, and Dr. H. A. Spoehr have generously contributed in- 


valuable discussion and advice. 
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THE AKROBIC CARBOHYDRATE AND LACTIC ACID 
MiTABOLISM OF MUSCLE PREPARATIONS 
IN VITRO* 


sy WILLIAM ©. STADIE ann JOHN A. ZAPP, Jr. 


(From the John Herr Musser Department of Research Medicine, University of 
Pennsylvania, Philadelphia) 


(Reeeived for publication, Mareh 30, 1943) 


In studies of muscle metabolism in vitro, the use of various types of mus- 
cle minces and strips is wide-spread. Frequently, supplements such as 
fumaric, succinic, and citric acids, boiled muscle juice, etc., are added for 
the purpose of studving metabolie evcles. On occasion malonate is added 
to stop the evclic reactions of the 4-carbon dicarboxylic acids at the succinic 
acid stage. 

\lusele from various animals has been used, but pigeon breast muscle has 
heen the choice of most investigators. Pigeon muscle mince suspended in 
phosphate-saline buffer shows a rather characteristic behavior in oxygen at 
38°. There is a very rapid initial uptake of oxvgen which falls off in the 
course of 2 to 3 hours to a small fraction of the original rate. The total 
oxygen uptake, depending on conditions, supplements, ete., varies, but in 
the unsupplemented medium or in media to which small amounts of fuma- 
rate or succinate have been added, the oxvgen uptake may be as large as 
100 micromoles of Os per gm. of (wet) tissue, averaging about 200 micro- 


moles per gm. As a rule, the respiratory quotient is high (average 1) in 


unsupplemented preparations. This high value has naturally led to the 
conclusion that the major portion of the oxvgen uptake is concerned with 
the oxidation of carbohydrate. 

hor example, in recent work on the influence of insulin in vitro upon the 
metabolism of pigeon muscle mince (1-4) the constant finding of a small 
but definite increase in the oxvgen uptake in the presence of insulin and 
certain supplements such as fumarate, citrate, ete., has led to considerable 
discussion of the possibility that insulin influences the reactions of certain 
steps in the evele by which carbohydrate is oxidized. The tacit assump- 
tion is made that the pigeon mince is oxidizing carbohydrate or at least 
some members of the glycolytic evele. However, we have been unable to 
find in the literature many determinations of carbohydrate balances in 

* The work reported in this paper was aided by grants from the Rockefeller Foun- 


dation, the Committee on Research in Endocrinology of the National Research 
Couneil, the Ella Sachs Plotz Foundation, and the University of Pennsylvania 


Chapter of Sigma Nt. 


| 


O70) METABOLISM OF MUSCLE PREPARATIONS 


minced muscle preparations during periods of equilibration 7m vitro. The 
few reported by IKutscher and Hasenfuss (5) show that only a small part 
of the total oxygen uptake could be accounted tor by the decrease of carbo- 
hydrate as determined by their methods. 


Measure of Carbohydrate Balance 


The main part (about 95 per cent) of the total carbohydrate derivatives 
In muscle consists of free glucose, glycogen, and lactic acid. They were 
measured as the sum of the fermentable reducing substances after hydroly- 
sis for 2.5 hours in normal sulfurte acid, and the laetie acid determined 
independently. 

Other members of the glycolytic evele such as phosphoglyceric aeid, 
phosphopyruvie acid, ete., are present presumably in very small amounts 
only and therefore should have no significant effect on the balances reported 
here, 

Phosphorvlated hexoses, chiefly hexose monophosphate, are present in 
muscle of various species in amounts ranging from 5 to LO micromoles per 
gm. Hexose monophosphate, according to Cort and Cort (6), is not 
determined as fermentable reducing substance in acid hydrolysates because 
the sugar split off is destroved, and also because phosphorylated hexoses are 
not fermented by intact veast cells. Hence, by prestumption, it is not 
included in the analyses reported. The extent to which this influences 
the subsequent conclusions will be discussed. 

Within these limitations we define carbolhwdrate summation (expressed 
micromoles at hexose per gm. of (wet) muscle the fermentable 
ducing substances after acid hydrolysis 4+ one-half the lactie acid, 

The difference between the initial and final summations over a period 
of time gives the carbohydrate balance and in this paper we report a num- 
ber of such balances measured as defined above on various types of muscle 
preparations equilibrated in oxvgen tor | to 6 hours. We tound to our 
surprise that in most cases there was practically no change in the summa- 
tions of pigeon or eat muscle preparations despite the fact that the oxvgen 


uptakes were high and the respiratory quotients averaged close to L, 


Preparation of Latapie Miner Vhe musele was dissected out immedi- 
ately after death of the animal by decapitation, freed trom fat and connec- 
tive tissue, chilled on ice, and put through a chilled) Latapie mincer, 
Individual samples of mince were then weighed into Warburg vessels or 
a single weighed portion of raince was suspended in a suitable quantity ot 
medium and samples of the suspension were pipetted into the Warburg 


vessels, 
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Preparation of “Blendor’” Mince A weighed quantity of muscle, freed 
from fat and connective tissue, was placed in a Waring blendor containing 
a measured quantity of chilled medium. The tissue was subjected to 30 
seconds blending at 14,000 R.p.mM. (2.c., to the action of rapidly revolving 
knives), and was strained through wire gauze to remove gross particles. 
Samples of the resulting filtrate were then pipetted into Warburg vessels. 
The muscle particles in the suspension so obtained are smaller than those 
found in a Latapie mince, but on microscopic examination fibers were 
clearly recognizable. Prolonged blending results in a preparation with no 
identifiable histological structures and a greatly diminished oxvgen uptake. 

Preparation of Muscle Strips-—The technique used was similar to that 
deseribed by Richardson, Shorr, and Loebel (7). The muscle strips were 
prepared by cutting along the fibers with small sharp scissors, with as little 
damage to the fibers as possible. The strips were weighed into Warburg 
vessels, 

Preparation of Scissors Mlince— Scissors mince was prepared as described 
by WKutscher and Sarreither (8). The muscle was thoroughly chilled in 
cracked ice and a fine mince prepared with small sharp seissors. The size 
of the muscle particles was comparable to those obtained in a Latapie 
mince. Individual samples were weighed into Warburg vessels. 

Three tvpes of buffered medium were used. 

Butler This buffer was a potassium-magnesium buffer designed to 
approximate the composition of intracellular muscle fluid as closely as was 
compatible with other requirements of the medium. This butter consisted 
of and WH.PO, 0.075 KCL 0.020 mM, and MgCl 0.020 mM; pH 74. 

Buffer IT This was a phosphate-saline medium containing no potassium 
or magnesium: and 0.050 Mm, NaCl 0.080 mM; pH 7A. 

buffer Vhis buffer contained bicarbonate, and when used was 
equilibrated with a mixture of 95 per cent Os and 5 per cent CO,. It con- 
tained NaHCO, 0.025 Mm, and NaHePO, 0.020 NaCl 0.080 
KC] and MgCl. 0.005 Mm; pH 7.4. 

All concentrations refer to final concentrations during equilibration. 

Determination of Oxygen Uptake and Respiratory Quotient Measurements 
of oxvgen uptake and carbon dioxide formation were made at 38°. When 
Buffer Tor TT was used, the gas phase was 100 per cent oxygen. In this 
ease, standard tvpe Warburg vessels having a single side sac containing 
alkal and a center well containing acid were used. At the end of the 
respiration period, the entire contents of the flask were acidified by mixing 
the acid, alkali, and medium, and the total CO. of the svstem was measured 
manometrically. The initial COs of the system was measured by setting 
up controls containing tissue and the same amount of buffer as the samples 
respiring. At the time when taps of the manometers were closed and the 
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respiration period began, acid was tipped in these controls. Consequently, 
the difference between the total CO. of the svstem at the beginning and end 
of the respiration period could be calculated. 

When Butter ITT was used, the gas phase contained 95 per cent Oso and 5 
per cent COs. In this case, the equilibrations were carried out in special 
vessels designed by one of us (W. C.S., unpublished) which permit the 
measurement of oxvgen uptake, carbon dioxide formation, and acid change. 

Determination of Total Fermentable Carbohydrate Vhe tissue and medium 
were transferred quantitatively to a Pyrex tube, made N in HeSO,4, and 
hydrolyzed 2.5 hours at 100° in a boiling water bath. During the hvdrol- 
vsis, the tubes were covered with glass balls which acted as reflux conden- 
sers. The hvdrolvsates were deproteimized with ZnSO, and NaOH. The 
protein-free filtrates were then acidified and shaken with a small amount 
of Llovd’s reagent, and quickly filtered. Sugar was determined on these 
filtrates by the Benedict colorimetric method both before and after veast 
fermentation. Colors were read in the IWlett photoeleetric colorimeter 
with Filter 42. Fermentable reducing material was caleulated as glucose. 
Repeated control analvses of known amounts of glucose added to muscle 
minces convinced us that our analyses of total fermentable carbohydrate 
were in general reliable to better than +5 per cent. 

Lactic Acid — Because of pronounced aerobie glycolysis many of our prep- 
arations at the end of the equilibration pertod contained little carbohydrate 
but much lactic acid. Hence the rehabilitv of the carbohydrate summa- 
tion depends in considerable measure upon the accuracy of the lactic aed 
method. We used two methods. Initially the Barker and Summerson 
method (9) was found satisfactory, but because the Lehmann (10) enzv- 
matic method is more specific tor d-lactate than any other methodin current 
use we later emploved it. Intercomparison ot the two methods on the 
same muscle preparations showed close agreement, however, so that the 
possible existence of some intertering substance can be eliminated from 
consideration. 

Ketone Bodies These were determined by the method otf Shipley and 
Long (11). 

Piqeon Muscle Mince (Blendor Mince) In Table Tare shown the results 
obtained in two typical experiments with pigeon breast muscle, 

In Pigeon 265 there is essentially no change of the carbohwdrate sumima- 
tion as measured by the sum of fermentable carbohydrate + 0.5 lactie 


acid, ‘Phe oxvgen uptake during the 2 hour period of equilibration was 
154 micromoles per gm. This amount of oxvgen! at the observed respira- 


torv quotient of O89 would aecount for the oxidation of approximately 16 
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micromoles per gm. of carbohydrate but no such decrease is found in the 


earbohydrate balance. 


TABLE I 
Pigeon Breast Muscle; Blendor Mince 
Pigeons 265 and 265-B, 2.0 ce. of potassium phosphate-saline buffer (No. I), pH 
74, + 0.27 gm. of muscle; equilibrated 2 hours at 88°. Pigeon 265-C, same with 
0.050 nicotinamide. 


The results are expressed in micromoles per gm. 


Pigeon 265 


Initial FC 9.9 
lactic (X 0.5) §2.0 
Total initial earbohydrate summation 71.9 


binal values 


Samyple (‘hange of Total Oxygen 
NO FC change uptake 
(x 0.5 carbohydrate 

1.90 

0.92 


Pigeon 265-B 


ND. 

luetie neid (xX “1.0 

51.5 6.6 Os 1.02 os 

Pigeon 2ho-€ 

i 

laetic acid (x 0.5 63.5 

‘Potal earbohvdrate summation 170.5 
S40 +70 1h US 


throughout the tables mdprentes total fe rmentable carbohydrate determined 


after hvdrolvsis of the sample in TN HLSO, for 2.5 hours at 100°. 


In the case of Pigeons 265-B and C the decrease of the ‘carbohydrate 
summation is small (average about 5 micromoles per gm.). The oxygen 
uptake unaccounted for by this decrease ranges from 58 to LO6 micromoles 
per gm., equivalent to 9 to TS micromoles per gm. of carbohydrate, tor 


Which no corresponding decrease in’ the carbohydrate balance is found. 


In this case the respiratory quotient was essentially 1. 
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In the case of Pigeon 265-C nicotinamide at a concentration of 0.050 x 
was added to the buffer withthe intent to prevent a possible destruction of 
diphosphopyridine which is known to occur in the presence of disintegrated 
tissue (Handler and Ixlein (12)). Tlowever, the results were essentially the 
same as without the nicotinamide. 

Table IT shows the results with a Latapie mince suspended in sodium 
phosphate-saline buffer. In this case sodium fumarate as a possible aug- 
mentor of carbohydrate oxidation was added in varving amounts up to 20 
micromoles per gm. of muscle, equivalent to a final concentration of 0.003 
M. The results were essentially the same as with the potassium phosphate- 


TasBie I] 
Normal Pigeon Bre ast Latapi Wines 
Pigeon 265-D. 2.0 ec. of sodium phosphate-saline buffer (No. IL) + 0.27 gm. of 
mince; equilibrated at 38° for 2.5 hours. 
The results are expressed in micromoles per gm, 
Initial FC 
lactic acid 0.5 5. 


‘Total initial carbohvdrate summation 


(Change of unaccounted 


Sample Added (Change of Total Oxygen 
carbohydrate 
Mean -§ 240 
saline preparations of blendor mince. “Phere was a slight decrease of total 


fermentable carbohydrate 4+ lactic acid with amounts of oxvgen uptake 
unaccounted tor by these decreases ranging from 190 to 281 micromoles per 
gm. (equivalent to 32 to 47 micromoles per gm. of hexose 

NSC7ssors Mince of Pigeon Miusele The method ot preparation ot the 
tissue is known to have marked influences tpon the course of the metabo- 
lismin vitro and Sarreither (S)). A fine mince was prepared by 
eutting pigeon breast muscle with sharp seissors. All preliminary opera- 
tions were carried out at O° and the final mince has about the consistency 
of a Latapie minee. This mince took up oxvgen actively for a period of 
6 hours Gnitial rate 120 micromoles per gm. per hour; rate at [SO minutes, 
70 micromoles per gm. per hour). Phe total oxvgen uptake (Table TID) 


averaged about 400 micromoles per gm. but only about 25 per cent of this 
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could be accounted for by decrease of fermentable carbohydrate + lactie 
acid. If the r.q. of 0.85, observed on another preparation of the same 
type, is used (see the toot-note to Table IIT) the oxygen unaccounted for 
is equivalent to 24 micromoles per gm. of carbohydrate, a considerable 
quantity. 

Pigeon Muscle Mince Presence of Malonate—The use of sodium 
malonate-in tissue suspensions is predicated upon the hypothesis that the 
action of succinodehyvdrogenase 1s completely inhibited, especially at high 


TaBLE [I] 
Normal Pige on Breast Muscle; Scissors Mince 
Pigeon 238. 2.0 ce. of potassium phosphate-saline buffer (No. LT), plE 7.4, + 0.27 
gm. of muscle; equilibrated at 38° for 350 minutes. 
The results are expressed in micromoles per gm. 


Initial FC 49.1 
lactic acid (& 0.5) 
fetal initial carbohvdrate summation 83.5 


Final values 


Change of Oo unaccounted 


Pample Change of FC lactic acid Total change Oxygen uptake for by —A 
x 0.5) carbohydrate 
| 46.0 +-28 —17.5 432 330 
2 7.0) +30. 1 —16.9 370 268 
16.0) + 26.1 -19.9 11] 291 
+ 29.4 —18.6 382 268 
Mean —18.2 309 289 


The very large amount of CO, which formed during the course of the 350 minutes 
of respiration made it impossible to measure the respiratory quotient in this experi- 
ment. Ifowever, muscle from another pigeon (No. 242) prepared in exactly the same 
way but allowed to respire fora shorter period of time (150 minutes) gave as the mean 
of four determinations oxvgen 264 + 2, R.Q. OSS + 0.02; compare the mean oxvgen 
uptake for Pigeon 238 = 265 micromoles per gm. at 150 minutes. : 


(0.025 Mw) concentration of malonate. Reoxidation of succinate therefore 
Is assumed not to occur and any evchle reactions involving the 4-carbon 
dicarboxvlic acids are stopped at the suceinic acid stage. If, however, 
some member of the evcle antecedent to succinic acid is present, it 1s as- 
sumed that it takes part in evelic reaetions, particularly those involving 
the oxidation of carbohydrate up to the succime acid stage. For example. 
the citric acid evele of Krebs presupposes that in the presence of added 
fumarate muscle tissue will oxidize carbohydrate in the presence of mal- 
onate according to the following equation: fumarate + “‘triose’? + 2.50. = 
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38C Os + suecinate + We have attempted using pigeon breast 
muscle to demonstrate a disappearance of earbohvdrate in the presence of 
0.025 Mm malonate and added fumarate at varving concentrations. In the 
experiments shown in Table TV we were unable to tind anv decrease of 
total carbohydrate as measured by the sum of fermentable carbohydrate 
and lactie acid. In fact, in both cases there was an increase of lactic aeid 
sufficient to produce a small net increase of total carbohvdrate. The total 
uptake of oxygen varied according to the amount of fumarate initially 
present but in all cases it was sufficient according to the hypothetical 


TABLE IV 
Pigeon Breast Muscle: Blendor Mines 
2.0 ce. of potassium phosphate saline buffer (No. with 0.025 “sodium malonate 
O27 yin. of muscle: equilibrated at for 3 hours. 


The results are expressed in micromoles per gm, 


Pigeon 223 Pigeon 224. Depanereatized; equilibrated 
de 
its 
‘ 
lactic acid 24.3 
Potal initial carbohydrate stimmatio: 
-am Potal initial carbohvdrate summation 44.4 
pole i 
No 
binal valties Final values 
(‘hange (‘hange 
(Change of lactic Total Oxyvge: Change offactie Total Oxygen 
of FC acid change tptake* of seid change uptake* 
OSA 
3h) () +13 +13 +32.614+-12.9 | 
3 () 10) 10) 20.11 +24.9| +4.8) 
) rf. {} POD 1.14 -20.0) +27.3' +7.3) 192 1.14 


* Corrected for Oo taken lip) in the absenee of added fumarate (22 and 30 micro- 
moles per gm. respectively ) 
t Caleulated by correcting for CQ. formation in absence of added fumarate. 


equation above to account for amounts of carbohvdrate ranging from. 9 
to 35 micromoles per gm. of muscle. No such decreases were found. — In 
all cases, too, the respiratory quotient averaged about 1.2.° These results 
have customarily been interpreted to mean that there is an oxidation ot 
earbohvdrate according to the above equation. Our experiments, at least 
so tar as fermentable hvdrolvzable carbohvdrate and lactic acid are con- 
cerned, give no support to such an interpretation. 

In Pigeon 224, a depancrentized bird, the results with fumarate added in 
the presence of 0.025 Mo malonate are essentially the same as in the normal 
bird. It is to be noted that initially there was a moderate amount ot 


carbohydrate in the muscle tissue. Yet the total net change in the 


| 

| 

i 

| 

| 

| 


east 
of 

the 
e of 
rate 
Otal 
ally 
ical 


ite 


Ww. C. STADIE AND J. A. ZAPP. JR. O77 


measured carbohydrate summation was an increase rather than a decrease. 
In other words, all of the oxvgen uptake observed must be accounted for 
by some substrate other than the fermentable hydrolyzable carbohydrate, 
or lactic acid, 

Cat Muscle Strips and Minees ~The carbohydrate balances in the case 
of cat muscle strips and minces are no different from those observed in the 
ease of the pigeon breast muscle minces. 

In Table V are given experiments with a fine seissors mince of cat semi- 
membranosus and also long muscle fibers dissected out intact. In the 
ease of the muscle fibers the conversion of fermentable carbohydrate to 


V 
Normal Cat Muscle: Strips and Scissors Mince 
Cat 250. 2.0 ce. of potassium phosphate-saline buffer (No. 1). pl 7.4; equi- 
librated at 3S° for 3 hours. 
The results are expressed in micromoles per gm. 


Initial FC 38.9 
lactic acid (X& 0.5) 8.6 
Total initial carbohydrate summation 


Final values 


(‘hange of Os unac- 


Sample Change Total Oxygen counted for 

oO of change uptake by —A car- 

bohvdrate 
Strips — 95.4 — 2.4 0.97 DS 
2 - 22.8 32.2 73 1.00 73 
Nlinee 28 + 35.2 99 S7 
- 33.7 45.6 +11.9 O97 


lactic acid is not complete as it often is in the case of mince. Hence, some 
carbohydrate as such was always present during the course of the equili- 
bration. Tlowever, the decrease of the carbohydrate summation is either 
slight or none, despite which there was found a considerable oxygen uptake 
with a respiratory quotient of practically 1. Essentially all of the oxygen 
uptake, therefore, remains unaccounted for by carbohydrate oxidation as 
measured by fermentable reducing substances + lactie aeid. 

In the case of the scissors mince of cat muscle, there was found an increase 
of the carbohydrate summation, although the total oxygen uptake was 
sufficient to account fora decrease of about 16 micromoles per gm. of carbo- 
hvdrate. 

Depanercatized Cat Muscle? In Table are shown the results of experi- 

? The authors wish to thank Dr. fF. D. W. Lukens, Director of the George 5S. Cox 
Institute, University of Pennsylvania, for performing the pancreatectomies on the 
cats used in these experiments. 
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ments with Latapie mince of depancreatized cat muscle. In this case the 
buffer was a sodium biearbonate-saline buffer (No. TIT) equilibrated with 


TABLE VJ 
Latapie Mince and Strips of Muscle of Cats 2 Days after Pancreatectomy 


2.0 ee. of sodium bicarbonate-saline buffer (No. LIT) + 0.010 w sodium fumarate; 
equilibrated at 38° for 3 hours with 95 per cent O, and 5 per cent CO.; final pH 7.0. 
The results are expressed in micromoles per gm. 


Cat 185. Mince, 0.13 em. 


Initial FC 30.6 
lactic acid (x 0.5) 34.0 
Total initial carbohydrate summation 64.6 


kinal values 


(Change of lactic 


Sample No Change of FC acid (X 0.5) Total change Oxygen uptake R.Q. 
—8&.9 —2.9 137 1.07 
2 130 10S 
Mean. 133 1.0S 
+9.8 +1.1 1.25 
4* 1.4: 
5° 65 1.48 
Mean. 74 1 38 
(‘at 187. Minee, 0.13 gm.; equilibrated 2 hrs.; 2.0 ec. buffer with 0.25 gm. in each 

Initial FC 14.4 

lactic acid (X 0.5 24.0) 

‘Total initial earbohyvdrate summation 38.4 

2" —13.2 +18.5 +9.3 62 


Cat 252. Muscle strips; equilibrated 2 hrs. 


Initial FC 39.1 
** lactic acid (X 0.5). 13.1 
Total initial carbohydrate summation ; §2.2 

] —18.6 +-23.8 +5.2 1) 0.96 

2 24.6 37 0.97 

3 428.2 55 0.95 

Mean... +5.2 | 44 0.96 


* Same buffer with 0.025 mu sodium malonate added. 


95 per cent O» and 5 per cent CO... Considerable amounts of fermentable 
hydrolyzable carbohydrate were present in the muscle during the course 
of the equilibration. However, as before, the total change in fermentable 
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carbohydrate and lactic acid was essentially zero. The respiratory 
quotient was about | and the oxygen uptake of 133 micromoles per gm. 
was sufficient to oxidize 22 micromoles per gm. of carbohydrate, but no 
such decrease could be demonstrated. The same preparation of muscle 
mince in the presence of 0.025 mM sodium malonate (together with added 
fumarate) again showed no change in fermentable carbohydrate and lactic 
acid despite the uptake of 72 micromoles per gm. of Os at a respiratory 
quotient of 1.4. 

In Cat 187 the results both with and without malonate are essentially 
the same. In the case of Cat 252 muscle strips were dissected out and 
equilibrated (no malonate). The results here are similar to those found 
before: no change in total fermentable carbohydrate and lactie acid, an 
appreciable oxygen uptake, and a high respiratory quotient. It is to be 
noted here, too, that considerable amounts (20 micromoles per gm.) of 
fermentable carbohydrate were present during the equilibration. 

Ketone Body Content of Muscle Minces —-It was conceivable that during 
the process of mincing large amounts of fat might be rapidly oxidized to 
ketone bodies (acetoacetic or B-hydroxybutyrie acid) which would then 
during the course of the equilibration with oxygen be oxidized by the muscle 
mince with a resultant high respiratory quotient. ‘This possibility was 
completely ruled out by finding, in the case of two muscle mince prepara- 
tions, practically no ketone bodies, either after mincing or at the end of 
the equilibration period with oxygen. 

Acids Other Than Lactic in Minces—-|t was possible that some acid other 
than lactic was either initially present or rapidly formed during the mincing 
and was conceivably acting subsequently as a substrate with high respiratory 
quotient. evidence contrary to this possibility was obtained in the fol- 
lowing way. A blendor mince of pigeon breast muscle was prepared and 
equilibrated with oxvgen at 38° for 7 minutes. ‘This would correspond to 
the initial period subsequent to which the oxygen uptakes were customarily 
measured. At the end of the initial period, however, the mince was 
deproteiized with tungstie acid, the tungstate removed from the filtrate 
with barium, and the barium removed with slight excess of sulfuric acid. 
This filtrate was then titrated with alkali, the glass electrode being used to 
measure the pH. The buffer slope between pH 3.6 and 4.4 was calculated 
froml this titration curve and the concentration of acids with pK values 
approximately 4 + 0.4 was calculated by the customary buffer equation, 
total acid = 8/0.575, where 8 = buffer slope (equivalents of alkali per 
pH) and 0.575 = molecular buffer at maximum buffer (pH = pk). Con- 
trol experiments showed that total acids with pIk values = 4 + 0.1 could 
be determined by this method with an accuracy of +5 per cent. In the 
case of the filtrate from the muscle mince prepared as above the results 
were as follows: lactie acid observed = 127 micromoles per gm.; total acids 


the | 
vith | | 
ate; 
A), 
| | 
| | 
| | 
| 
i 
| 
| 


680 METABOLISM OF MUSCLE PREPARATIONS 


(pl. = 4 + 0.4) calculated from buffer slope = 134 microequivalents 
pergm. Within the limits of error all acid with pl values of 4 + 0.1 was 
accounted for by lactic acid. This finding is against the possibility being 
tested. 

It is necessary to emphasize that this conclusion is limited to the non- 
occurrence of some acid other than lactic with pk = 4.0 + 0.1 or greater, 
The nature of the titration curve of the filtrates does not permit us to 
exclude the possible occurrence in appreciable amounts of some acid with 
pk less than 3.9. 


VII 
Normal Pigeon Breast Muscle; Latapie Mince 
Pigeon 265-G. 2.0 ec. of phosphate-saline buffer (No. LL) 4- 0.27 gm. of muscle; 


equilibrated at 38° for 2 hours. 
The results are expressed in micromoles per gm, 


Initial FC 12 
** lactie acid 0.5) 
Carbohydrate summation 63 
Initial ammonia 10.3 
Final values 
Or unac. 
Sample Change Total Oxygen counted for Change of 
No. of FC (x 0.5) change uptake mA. by —Acar ammonia 
bohydrate 
2 170 +3.1 
3 193 +6.4 
5 —12 +7 194 
| —12 +8 —4 190 O.S7 
s 222 0.90 
Mean... 194 Q.S7. 164 +4.7 


Phosphoglvceric acid would be precipitated as barium salt during the 
preparation of the above filtrate, and hence its occurrence in the original 
muscle cannot be excluded by this titration. However, we have been 
unable to find evidence in the literature that phosphoglvceric acid would 
accumulate in muscle under the circumstances of these experiments except 
in very small amounts. Hence it is doubtful that it plavs any role in the 
problem. 

Further evidence against the possibility of an acid being the substrate 
was obtained in several instances in which the acid change during serobiosis 
was determined. None was found, indicating that there was no oxidation 


of any preformed acid. 
Possible Substrates Derived from Protein—Another possibility was consid- 
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ered. A rapid proteolysis might form amino acids which upon deamination 
would form oxidizable substrates. In this case there should be a consid- 
erable increase of ammonia during the course of the equilibration. In the 
experiment shown in Table VIT only an average of 15 per cent of the total 
oxvgen uptake could be accounted for by the measured carbohydrate 
oxidation. The balance of 164 micromoles per gm. could not conceivably 
be used for the oxidation of substrates formed according to the above 
hypothesis when only a negligible amount (5.4 micromoles per gm.) of 
ammonia was formed. Hence this possibility must be eliminated. 


DISCUSSION 


Muscle strips or Latapie, blendor, or scissors minces of skeletal muscle 
of pigeons or cats, when equilibrated in vitro in various types of buffer 
solutions at 38°, take up large amounts of oxygen at an R.qQ. close to 1, 
indicating an active oxidation of substrates initially present in the tissue. 
However, the natural conclusion that carbohydrates or intermediates of 
the glycolytic evele are oxidized was not supported by measurements of a 
“limited”? carbohydrate balance. This was determined as the molecular 
summation of total fermentable carbohydrate after acid hydrolysis caleu- 
lated as glucose plus one-half the lactic acid. This represents the sum of 
glycogen, glucose, and lactic acid. In a considerable number of experi- 
ments with pigeon and cat muscle there was no significant change in this 
initial and final carbohydrate summation. In a few cases the decrease ac- 
counted for 10 to 40 per cent of the total oxvgen uptake. 

In some cases, the increase of lactic acid, presumably outside the range 
of experimental error, was greater than could be accounted for by the 
decrease of fermentable carbohydrate, indicating a possible source of lactic 
acid other than fermentable, hydrolyzable carbohydrate. 

It is true that in a good many cases the muscle preparation had no or 
small amounts of initial fermentable carbohydrate. But this was by no 
means alwavs the case. In Table VIII are shown in summary form those 
experiments in which initially there were appreciable amounts of deter- 
mined carbohydrate in the muscle preparation. Several points are to be 
noted. (1) The initial carbohydrate decreased in all cases,, but in many 
one-third to two-thirds of the initial amounts remained at the end of the 
aerobic period. (2) As a rule the major part of the decrease is accounted 
for by the formation of lactic acid, a the net change of the carbohydrate 
summation is either a small decrease ‘or a small increase. (3) The amount 
of oxygen unaccounted for by this decrease of carbohydrate ranges between 
60 and 100 per cent of the total. In terms of hexose equivalents this is 6 to 
55 micromoles per gm. of muscle. When corrected for the R.q. by the 
factor (rq. — 0.7)/0.3, the amounts are smaller, averaging about 15 
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micromoles per gm. except in the case of the scissors mince, in which it is 
about 25 micromoles per gm. 

These findings lead to the conclusion that large amounts of oxygen up- 
take (60 to 100 per cent of the total, ranging from 50 to 300 micromoles per 


TaBLe VIII 


Summary; Carbohydrate Balance, Orygen Uptake, R.Q. of Various Types of Muscle 
Preparations Equilibrated in Vitro at 38° 


The results are expressed in micromoles per gm. 


Total 
change; A 

tal Preparation | +05 K.Q cent of 
lactic hexose* dizing 
acid carbohy 

 dratet 

I 265-B Pigeon, blendor mince 85.7 | 27.8 —6.6 1.02 9.7 56 
23.1 —4.1, 1.03: 12.2 79 

265-C 28.0 —5.0 0.98 12.9 72 

| 25.0 —1.0 0.98 16.6 4 

IT] 238 scissors 190] 3.1 —17.3| 0.85] 27.5 61 
2.1 | —16.7 231 

3.1 —19.9 24.7 5d 

1.1 | —18.9 22.3 54 

V | 250 (‘at, muscle strips 38.9 | 13.5 —2.7 0.97 S.S 77 
16.1 +9.4 1:00; 12.2 100 

Latapie mince 38.9 10.0 +6.3' 0.99 14.2 100 

5.2 | +11.9| 0.97 | 14.0 100 

VI 185 30.6§ 21.7 —2.5 1.07 | -19.7 

30.6); 21.9 +1.1 1.08 

VI 252 muscle strips 39.1 20.5 +5.2 0.96 100) 
27.4 +12.9 0.97 9.6 1) 

—2.5) 0.95 7.6 75 


(total O. — 6Alearbohydrate + 0.5 lactic}) 
(tota » + 0.9 lactic)) 
6 603 


(r.Q.— 0.7) | 
+ Caleulated as 100 & unaccounted O, + 02 * total Ov. 


t From another bird; see foot-note to Table ITT. 
§ 0.010 m fumarate present. 
| 0.010 m fumarate and 0.025 mM malonate present. 


* (Caleulated as 


gin. of tissue) cannot be attributed to the oxidation of reducing fermentable 
substances obtained after acid hydrolvsis, or lactic acid. Substances such 
as phosphoglyceric acid, phosphopyruvie acid, dihydroxyacetone, ete., 
presumably occur in such small amounts in muscle that they may be 
reasonably dismissed from consideration. 
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As already discussed in the introduction, hexose monophosphate would 
not be included in the carbohydrate balance as determined here. Reported 
analyses in the literature for hexose monophosphate content of muscle of 
various species range from 2 to 10 micromoles per gm., with an average of 
5, somewhat lower than the amounts unaccounted for here. The possi- 
bilitv, however, that phosphorylated hexoses, particularly hexose mono- 
phosphate, will account for the balance of the respirations of these muscle 
preparations remains open. But its eventuation would make it necessary 
to entertain the hypothesis that the phosphorylated hexoses are the main 
if not the sole carbohydrate substrate in muscle preparations of the type 
used. 

The possible substrate remains undetermined. Direct fat oxidation as 
the sole or main metabolic process would be incompatible with the high 
respiratory quotient. The possible occurrence of sufficient ketone bodies 
from fat was excluded by experiment. The formation of some acid other 
than lactic acid with pk 4 + 0.5, such as pyruvic or phosphoglyceric acid, 
was also excluded experimentally, or at least made unlikely. An occur- 
rence of oxidizable substrate by formation of amino acids from protein was 
likewise excluded. Since the respiratory quotients reported here are total 
respiratory quotients measured over the entire period of equilibration, the 
possibility that there are changing phases of metabolism during the course 
of the equilibration cannot be excluded. Laser (13) found indications of 
such changes in the type of metabolism of mouse kidney slices with time 
and suggested that this may be reflected in changes of R.q. if measured over 
shorter intervals. It is difficult to see, however, how this explanation 
would change the main conclusion which our experiments bring us to; 
namely, that some substrate not fermentable carbohydrate or lactic acid 
is being oxidized in large amount by these muscle preparations. 


SUMMARY 


1. Muscle strips, Latapie, blendor, or scissors minces of skeletal muscles 
of pigeons and cats were equilibrated in vitro in various types of buffer 
solutions at 38°. The oxygen uptake, respiratory quotient, and change 
of reducing fermentable substances after acid hydrolysis + lactic acid were 
determined. | 

2. The respiratory quotients found averaged 1.0 and the oxygen uptake 
was high, indicating an active oxidation of substrate presumably of carbo- 
hydrate nature. However, the decrease of carbohydrate as measured by 
a “limited”? carbohydrate balance represented by the sum of fermentable 
reducing substances after acid hydrolysis + lactic acid accounted for none 
or only a small part (average 18 per cent) of thetotal oxygen uptake. The 
substrate being oxidized if it is carbohydrate or a derivative, as the high 
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r.Q. would appear to indicate, would range from 6 to 28 micromoles per 
gm. .averaging 15 micromoles per gm. (as hexose) in various types of muscle 
preparations. 

3. Fat oxidation was excluded by the value of the respiratory quotient. 

4. Ixetone bodies as substrate were also excluded by analysis. 

5. No evidence was found for active protein metabolism, since the am- 
monia content remained unchanged during equilibration. 

6. Search for an acid with plx 4.0 as a possible substrate was unsuccessful, 

7. The possibility that phosphorylated hexoses are the sole or main 
substrates in such muscle preparations is discussed. 

8. The nature of the substrate being oxidized in these muscle prepara- 
tions remains undetermined. 


BIBLIOGRAPHY 


1. Ikrebs, H. A., and Eggleston, L. V., Biochem. J., 32, 513 (1938). 
2. Shorr, E., and Barker, 8S. B., Biochem. J., 33, 1798 (1939). 
3. Stadie, W. C., Zapp, J. A., Jr., and Lukens, F. D. W., J. Biol. Chem., 132, 411 
(1940), 
4. Stare, F. J., and Baumann, C. A., J. Biol. Chem., 133, 453 (1940). 
5. IKutseher, W., and Hasenfuss, M., Z. physiol. Chem., 266, 181 (1940). 
6. Cori, C. F., and Cori, G. T., J. Biol. Chem., 100, 323 (1933). 
7. Richardson, H. B., Shorr, E.,and Loebel, R. O., J. Biol. Chem., 86, 551 (1930). 
8S. Kutscher, W., and Sarreither, W., Z. physiol. Chem., 266, 152 (19140). 
9. Barker, 8. B., and Summerson, W. H., J. Biol. Chem., 138, 535 (1941). 
10. Lehmann, J., Skand. Arch. Physiol., 80, 237 (1938). 
11. Shipley, R. A., and Long, C. N. H., Biochem. J., 32, 2242 (1938). 
12. Handler, P., and Klein, J. R., 7. Biol. Chem., 143, 49 (1942). 
13. Laser, H.. Biochem. J., 36, 319 (1942). 


VI 


| 

| 
Wi 
aC 
pa 
| at 
thi 
SC, 
spi 
| est 
dis 
| (st 
| Sq 
ot 
the 
anit 
lor 
hig 
| SU 
ot 
A. 
sid 
| | 
| thi 
| tu 
mie 
ha 
lor 
ve) 
ISO 


MONOLAYERS OF COMPOUNDS WITH BRANCHED 
HYDROCARBON CHAINS 


VI. 2-METHYL- AND 10-METHYL-SUBSTITUTED CARBOXYLIC ACIDS OF 
HIGH MOLECULAR WEIGHT 


By STINA STALLBERG-STENHAGEN ann EINAR STENHAGEN 


(From the Institute of Physiology and the Institute of Medical Chemistry, University 
of Upsala, Upsala, Sweden) 


(Received for publieation, March 15, 1943) 


The monolayer properties of a number of long chain carboxylic acids 
with methyl side chains have been investigated previously (1-3). The 
acids so far examined contained from 14 to 20 carbon atoms and gave ex- 
panded monolayers which could not be condensed by compression, even 
at low temperatures. The smallest stable area per molecule to which 
these monolayers could be compressed before collapse set in was 27 to 30 
sq. A. It was pointed out (2) that this area did not represent the extra 
space required by the methyl side groups but rather represented the small- 
est area possible for a long chain in the liquid state. Dervichian (4) has 
discussed the different states of monolayers and pointed out that a normal 
(straight) chain in the liquid state occupies a minimum area of 27 to 30 
Sq. A. 

One of the objects of this series of papers was to explore the possibilities 
of the monolayer technique for the identification and the determination of 
the structure of branched chain compounds isolated from natural sources 
and it was therefore considered important to study the surface behavior of 
long chain compounds with methyl side chains having molecular weights 
high enough to give condensed monolayers. The smallest area to which 
such monolayers can be compressed before collapse minus the cross-section 
of the long unsubstituted (normal) hydrocarbon chain (18.5 to 20 sq. 
A.) may be taken as representing the apparent cross-section of the methyl 
side chain (or chains). 

Certain fairly large groups, such as oxvgen atoms, may be included in 
the crystal lattice of long hydrocarbon chains without appreciable dis- 
turbance to the lattice. Actually the dipole introduced in the lattice in- 
creases the stabilitv, and isomeric straight chain ketones all have higher 
melting points than the corresponding hydrocarbons (5). On the other 
hand, a methyl group cannot be included without great disturbance and 
long chain compounds with methyl side chains (and, as is well known, in 
general branched chain compounds) all have lower melting points than the 
isomeric normal chain compounds. 
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The degree of disturbance depends in large part on the position of the 
methyl group along the chain. In the case of carboxylic acids, as judged 
from the melting points, the disturbance is least when the methyl group is 
removed as far as possible from the carboxyl group (the iso acids) and most 
pronounced when the side group is in a position about half way up the chain. 
A methyl group in the @ position (position 2)' has an intermediate effect. 
No complete series of isomers with the methyl side chain in every possible 
position along the chain has vet been synthesized, but the effect is shown 
clearly, for instance, in the series of octadecanoic acids, in which the normal 
chain isomer (stearic acid) melts at 69.4° (6), 2-methvlheptadecanoic (a- 
methvimargaric) acid at 34-35° (7), and 16-methylheptadecanoic (iso- 
stearic) acid at 67.6-68.2° (8). 

The 10-methvl-substituted C2; and C2; acids dealt with in the present 
work have considerably lower melting points than their 2-substituted iso- 
mers. 

The acids and esters used were those synthesized by Schneider and 
Spielman (9) and Stenhagen and Tagtstr6m (10). Professor R. J. Ander- 
son kindly supphed samples of the acids prepared by the former authors. 


EXPERIMENTAL 


The technique has been described previously (1, 3), but has recently 
been improved in certain respects. A double walled thermostat is now 
used and water from a tank equipped with a heating and cooling svstem 
circulated between the walls of the thermostat and through a serpent-like 
glass tube in the trough. With this arrangement, the temperature of the 
trough and the surrounding air could be kept at any desired temperature 
between 1.5-55°, within 0.1°. The trough had the inside dimensions of 
15 & 52 & 1.5 em. deep and was made by sand-blasting trom plate glass 
25 mm. thick.2. The inner edges were straight and accurately parallel. 
The substances were weighed on a Kuhlmann micro chemical balance. 
Petroleum ether (b.p. 70-S0°) was used as solvent and the spreading was 
effected by means of an Agla micrometer svringe. For stable monolavers 
the reproducibility of the foree-area measurements was of the order of 
of 0.5 per cent, and the results are probably accurate within 1 per cent. 

2-Methyl-Substituted Acids—The 2-methyl-substituted acids with 21, 
25, and 27 carbon atoms (2-methvleicosanoic acid, m.p. 61.7-62.0° (10); 
2-methvltetracosanoic acid, m.p. 72-73° (9), 71.7-72.0° (10); 2- 
methvlhexacosanoie acid m.p. 75-76° (9) respectively) all form meso- 
morphous (liquid-condensed) monolavers in the undissociated state when 
spread on 0.01 N hydrochloric acid at 20° (Fig. 1). As the number of 


1 The carboxyl is numbered 1. 
2 The trough was made by R. F. Cleve and Company, Stockholm. 
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carbon atoms increases, the limiting area gets slightly smaller, but even 
for the C2; member it is considerably larger than for normal chain acids 
(compare the curve for n-eicosanoic acid in Fig. 1). The form of the force- 
area curves is also quite different from those of normal chain acids, the 
compressibility at medium pressures (5 to 20 dynes) being smaller. At 
pressures above 20 dynes the monolayers are unstable. The surface 
potential is about 400 millivolts; 7.c., about the same as that of undissoci- 
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Area per molecule sg. A 
Fic. 1. Foree-area, surface potential-area, and apparent surface moment- 
area curves for 2-methyleicosanoic acid 2-methyltetracosanoic acid 
(CosH;002), and 2-methylhexacosanoie acid (C2;7HsO2) spread on 0.01 HCl at 20°. 
The corresponding curves for n-eicosanoic acid (C2oH40O2) (left) are also shown. 


ated normal chain acids in the condensed form. ‘The potential appears to 
decrease somewhat as the number of carbon atoms is increased. The 
reproducibility of the surface potential measurements was within 5 to 10 
millivolts for the (ss and Cs; member but was not so good for the Cy acid, 
variations of up to 25 millivolts being obtained in different runs. The 
apparent surface moments are around 300 millidebyes, and are slightly 
larger than those of the expanded monolayers of the 2-methyl-substituted 
acids with 15 and 17 carbon atoms studied previously (1), the surface 
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moments of which were around 240 millidebyes. The different specimens 
of the Cos acids prepared by Schneider and Spielman (9) and Stenhagen 
and Tagtstrém (10) gave identical results. The thermal expansion of 
the three acids is shown in Fig. 2. There is a slight increase of the area 
at 1.5 dynes pressure (this area is better defined than the limiting area) 
with temperature, and this increase is more marked for the Cs, acid than 
for the two highest members, but even the former acid is condensed at 
the highest temperature investigated. 
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Fic. 2. Thermal expansion at 1.5 dynes pressure. Upper curves, 2-methyl- 
substituted acids; lower curves, 10-methyl-substituted acids. Substrate, 0.01 n 


HC}. 


On neutral and alkaline substrates all three acids behaved similarly. 
The results for the C2 acid are shown in Fig. 3. On the phosphate buffer 
(curves marked P in Fig. 3) of pH-7.2 (S6rensen buffer (cf. (11)) diluted 10 
times) the force-area curve is slightly expanded compared with that on 
0.01 HCl. Ba>~> in a neutral substrate (BaClh 3 10° mM, KHCO, 
4 xX 10°4 M) causes a more pronounced general contraction. On the 
alkaline substrate (0.01 N NaOH) the monolayer is gaseous. 

Ethyl Esters of 2-Methyl-Substituted Acids—Ethyl 2-methyleicosanoate 
(m.p. 22.1-22.4° (10)) and ethyl 2-methyltetracosanoate (m.p. 40.6—-40.9° 
(10)) gave the results shown in Fig. 4. The lower ester forms at 10° a 
mesomorphous monolayer with a limiting area of 22.5 sq. A. At 6.5 dynes 
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Fic. 3. Foree-area curves for 2-methyleicosanoic acid (CaHg.O-2) (left) and 10- 


methyltetracosanoie acid (CosHs0QO2) (right) spread on different substrates (see the 
text) at 20°. 
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Fic. 4. Foree-area curves for ethyl behenate (CogH4gQ2) (left), ethyl 2-methyl 
eicosanoate (CosHgeO2.) (middle), and ethyl 2-methyl tetracosanoate (C27H5,O2) 


(right) spread on 0.01 n HC] at different temperatures. 
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pressure there is a change in the slope of the torce-area curve and the 
monolaver is very incompressible above this point but becomes unstable 
above 10 dynes pressure. At 20°, which is just below the three-dimensional 
melting point, the monolayer is gaseous at low pressures. The higher 
homologue forms mesomorphous monolayers at the two lowest tempera- 
tures investigated, the limiting area at 20° being the same, 22.5 sq. A., as 
that of the lower ester at 10°. The monolayer is more stable, however, 
and the change in slope takes place at 15 dynes. At 40° (near the melting 
point), the monolayer is somewhat expanded and probably liquid. Neither 
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Fic. 5. Force-area curves for 10-methyltetracosanoie acid (C3gsH5.02) spread on 
0.01 n HC! at different temperatures. 


ester collapses until the area is reduced to 19.1-19.3 sq. A.,a remarkably 
small area, as it is only slightly larger than the smallest area obtained for 
the normal chain ester, ethyl behenate, which is also shown in Fig. 4 for 
comparison. The surface potentials and the surface moments are much 
higher for the 2-methvl-substituted esters than for the normal ester. 
10-Methyl-Substituted Acids—10-Methyltetracosanoie acid (m.p. 51° (9)) 
forms on 0.01 N HCl atypical liquid-expanded monolayer (Fig. 5) witha tem- 
perature of half expansion at 1.5 dynes pressure of 13.5°. This temperature 
of half expansion is slightly lower than that of myristie acid (19.5°) which 
has 1] carbon atoms less. A single methy! side group in this position at 
about the middle of the chain thus neutralizes the condensing effect of no 
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less than 11 carbon atoms. The higher homologue 10-methylhexacosanoic 
acid (m.p. 54-55° (9)) is condensed at 20° and has a temperature of half 
expansion of 27° (Fig. 6). The addition of 2 carbon atoms increases the 
temperature of half expansion by 13.5°. This may be compared with the 
difference in half expansion temperatures between the normal chain Cj, 
and Cy acids, which is 13° (Cy is the highest normal chain acid investi- 
gated; temperature of half expansion 72.5° (12)). The behavior of the 
Co, acid on different substrates is shown in Fig. 3. The monolayers are 
expanded, and barium ions in the substrate have a comparatively small 


25+ + 500 
20 + 4400 
= 
= 
\ 
§ 15 + 300 
= 
> 
N 
C25 
5 |- 100 
0 


Area pér molecule sg.A. 
Fic. 6. Force-area, surface potential-area, and apparent surface moment-area 


curves for 10-methyltetracosanoic acid (Co;Hs002) and 10-methylhexacosanoic acid 
(CozH5,02) spread on 0.01 nN HC] at 20°. 


condensing etfect. 10-Methvlhexacosanoic acid when spread on neutral 
and alkaline substrates behaves in the same wav as 2-methyleicosanoic 
acid shown in Fig. 3. The surtace moments (Fig. 6) are not very different 
from those of normal chain acids having the same number of carbon atoms. 

Multilayers—Miaultilayers of the 2-methyl-substituted acids were built 
on chromium surfaces from a substrate containing 3 & 10°°> Mm BaCl and 
4X 10-4 uw KHCOs; at 20°, by the technique of Blodgett and Langmuir 
(13, 14). Y-Deposition (deposition both on the down and up journey 
of the metal surface) occurred when castor oil (spreading pressure 16 dynes) 
Was used as piston. As the monolavers are fairly compressible, different 
pistons give different optical thicknesses per laver (15). The long erystal 
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spacings as determined by x-rays (nickel-filtered Cu Aq radiation, cf. (3)) 
were found to be 40.5, 51.0, and 56.0 A. for the Cox, Cos, and Cs7 acids 
respectively. A comparison with the values obtained for multilayers of 
the normal chain C20, Coy, and Cyg acids built from the same substrate, 
56.3, 66.0, and 70.8 A. , respectively, which erystallize with vertical chaina, 
shows that the long aii in the case of the branched acids are tilted, 
When plotted against the number of carbon atoms in the long chain, the 
spacings for these acids do not fall on a single line and it appears therefore 
that the degree of tilt for the barium salts of 2-methyl-substituted acids 
is different for different chain lengths. A more complete series of 2-methyl- 
substituted acids must be investigated, however, before this question can 
be settled. 

10-Methyltetradecanoic acid tormed an expanded monolaver on the 
substrate used at 20° and multilavers were not obtained. At 5° it was 
possible to build multilavers, but these were not optically uniform.  10- 
Methvlhexadecanoic acid also gave results inferior to those of the 2- 
methyl-substituted acids. The multilayer of the barium salt of the 10- 
methyltetracosanoic acid gave a long x-ray spacing of 45.7 A., while the 
higher homologue gave a complicated diffraction pattern showing at least 
two sets of spacings. In both cases the chains are tilted. In general, the 
branched compounds gave rather poor x-ray diffraction patterns showing 
few lines. From the 2-methyv! C2 compound only a very poor photograph 
showing two lines could be obtained after prolonged exposure. The ac- 
curacy of the spacings recorded is accordingly low (about +1 <A.). 

The multilaver experiments with the ethyl esters of 2-methvl-substituted 
acids gave onlv verv poor results, as also the attempts to build multilavers 
of the tree acids from acid substrates. 

DISCUSSION 

The results show that the presence of a methyl side chain in a long 
cham carboxvlhe acid has a pronounced effect, and that the force-area 
curves for the condensed monolayers are quite different from those given 
by normal chain acids. The apparent cross-section of the methyl side 
group, defined as stated in the introduction, depends somewhat on the 
number of carbon atoms in the molecule and on the position of the methvl 
group. The smallest areas to which the Cs; 2-methyl- and 10-methyl- 
substituted acids can be compressed betore collapse are about 25 and 24 sq. 
A. respectively. It is possible that the iso acid with the same number of 
carbon atoms would give still smaller areas. The extra space required 
by the methyl! groups in the acids dealt with above is about 6 and 5 sq. A. 
respectively. In the ethyl esters of the 2-methyl-substituted series the 


> Preparation of some long chain iso acids is planned in this laboratory. 
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methyl] side chains can evidently be tucked away between the chains much 
better than in the acids, as the smallest stable area is 19.1 to 19.2 sq. A. 

The ester crystallizes in the three-dimensional state with vertical mole- 
cules and if we make the assumption that the strong side spacings of 3.76 
and 4.59 A. obtained in the x-rav investigation (10) have the same indices, 
200 and 110 respectively, as in the normal (A) form of long chain hydro- 
carbons (16) (it has not vet been possible to obtain single crystals of these 
esters and the indices of the x-ray reflections are uncertain), the caleulated 
cross-section of the ethvl ester of the C25 acid is 19.1 sq. A., or exactly the 
same as the cross-section obtained from surface data. The extra space 
required by the methyl group in this case is only 0.6 to 0.7 sq. A. The 
ease with which a methvl side chain can be accommodated thus in the case 
of 2-methyl compounds appears to depend on the nature of the polar group. 
It is probable that any marked difference does not exist for the 10-methyl 
compounds but owing to lack of material it has not been possible to investi- 
gate any such esters. 

A methyl group in position 10 has very little effect on the surface mo- 
ments. In the 2-substituted acids the effect is larger in the condensed 
than in the expanded monolayers. For the latter the moments are only 
slightly higher than for normal chain acids. On the other hand, the 
effect of substitution on the apparent surface moment is very pronounced 
in the 2-substituted esters, which have much higher moments than normal 
chain esters. 


Grants from the Rockefeller Foundation and from the Swedish National 
Association against Tuberculosis are gratefully acknowledged. 


SUMMARY 


The monolayer properties of a number of long chain carboxylic acids and 
esters with methyl side groups in positions 2 and 10 with respect to the 
polar group have been studied. The methyl side chain makes the con- 
densed monolayers occupy an area 4 to 6 sq. A. larger at the point of col- 
lapse than normal chain acids, while the difference in the case of 2-methyl- 
substituted ethyl esters compared with normal chain esters is only 0.6 to 
0.7 sq. A. The foree-area curves for the branched acids are of a different 
tvpe than those for normal chain acids. A methyl side chain in the 
middle of the chain makes the monolayer expanded at room temperature 
even if the acid contains as many as 25 carbon atoms, but has practically 
no effect on the surface moment. A methyl group on the carbon atom 
next to the polar group is less effective in causing expansion but increases 
the surface moment of the acids compared with normal chain acids. The 
latter effect is still more pronounced for the ethvl esters of 2-methvl- 
substituted acids. 
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X-RAY STUDY OF THE HYDROCARBON FROM PHTHIOCEROL 


By EINAR STENHAGEN 
(From the Institute of Medical Chemistry, University of Upsala, Upsala, Sweden) 


(Received for publication, April 6, 1943) 


The monolayer study of the wax alcohol phthiocerol (1) from the tubercle 
bacillus wax (2) suggested that the molecule had a long and_ possibly 
straight chain; in any case, side chains longer than methyl seemed un- 
likelv. It was suggested (1) that an x-ray study of the hydrocarbon derived 
from phthiocerol by reduction might give some clue to the nature of the 
chain. Thanks to the courtesy of Professor Anderson, it has now been 
possible to carry out such an investigation. The formula C3,H7z. gives 
the best agreement with analysis of the hydrocarbon (2) but the melting 
point, 58.5-59.5°, is lower than that of normal tetratriacontane, which is 
72.6-72.8° (3). As mixtures of normal hydrocarbons of high molecular 
weight have melting points between those of the components (3), the 
low melting point cannot be explained on the assumption that the hydro- 
earbon is a mixture of normal chain homologues. The low melting point 
mav be due to a branched chain or to the presence of some difficultly 
removable impurity. 

The x-ray investigation was carried out as follows: A thin layer of the 
substance (the specimen received had the appearance of a white powder) 
was melted onto a small glass slide by means of the hot wire technique of 
Bernal and Crowfoot (4) and examined in the usual manner (3), with 
nickel-filtered Cu A radiation. The diffraction pattern showed a single 
order of a long spacing of 44 + 1.5 A. and two st rong side spacings of 3.72 
and 4.14 A. respectively. The side spacings obtained are within the ex- 
perimental error (0.03 A.) identical with those given by the normal ortho- 
rhombie (A) form of normal long chain hydrocarbons (5, 6). Bunn (6) 
gives the spacings of the (200) and (110) planes for verv long chain hydro- 
carbons as 3.696 and 4.106 A. respectively. The fact that only a single 
order of the long (O01) spacing appears shows that the material is impure.! 
As pure, saturated normal hydrocarbons do not darken when treated with 
concentrated sulfuric acid at 130° and such treatment is an effective way 
of purifving normal hydrocarbons (3), the compound was subjected to this 
treatment. Considerable darkening occurred, however, and with the small 
amount available (12 mg.) it was not possible to recover any purified 
material. It is thus evident that unsaturated or non-hydrocarbon im- 


1 In submitting the specimen Professor Anderson stated that he was not quite sure 
about the purity of the hydrocarbon. 
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purities are present to some extent. The long spacing of 44 + 1.5 A. cor- 
responds to the length of a straight hydrocarbon chain having 32 to 34 
carbon atoms (3). Asa branched chain hydrocarbon would probably give 
larger side spacings than those observed and the hydrocarbon from phthio- 
cerol probably has 34 carbon atoms (2), the results suggest that the latter 
consists of impure n-tetratriacontane (or possibly a mixture of close homo- 
logues with a mean molecular weight corresponding to n-C34H7). 

In order to carry out a direct comparison with n-tetratriacontane, a 
specimen of this hydrocarbon was prepared in this laboratory by Miss Gun 
Gustbée by electrolyzing an alcoholic solution of sodium stearate (7), 
The hydrocarbon was purified by treatment with sulfuric acid as above, 
followed bv crystallization from ethyl ether. Piper and his collaborators 
(3) found that n-tetratriacontane on heating shows two transitions at 
§9.2-69.4° and 72.2°, respectively, and melts at 72.6-72.8°. The hvydro- 
carbon crystallizes in two different crystalline modifications, one (A) with 
vertical and the other (C) with tilted chains. On crystallization from 
solvents the C form is obtained. On heating, this form changes into A 
just below the melting point, and on cooling the A form remains. An x-ray 
specimen prepared by means of the hot wire technique is therefore in the 
A form with vertical chains, which is convenient for comparison with the 
impure compound which evidently has vertical molecules. The stearic 
acid (Kahlbaum) used for the synthesis was not specially purified and 
our synthetic n-C3,H-7) will therefore contain 1 to 2 per cent of n-CgeHlee 
and n-C3oHe, owing to the palmitic acid present (8), but this will affect 
the melting point and the long spacing to a degree negligible for the present 
purpose (3). The specimen melted at 72.0-72.8° and the diffraction 
pattern showed seven or eight clear orders of a long spacing of 45.2 + 0.5 A. 
and two strong side spacings of 3.71 and 4.13 A. respectively. The lengths 
of the a and b axes calculated from the side spacings are 7.42 and 4.96 A, 
respectively. The corresponding values given by Miiller (5) for n-Caytyo 
at room temperature are 7.40 and 4.95 A. Piper et al. (3) give the long 
spacing of the A form as 45.5 A. A direct comparison with the hvdro- 
earbon trom phthiocerol was carried out by preparing thin lavers of both 
compounds, one alongside the other, on the same glass slide by means of 
the hot wire technique. On the photographie film the diffraction pattern 
of the svnthetie specimen appeared just above that of the other. The 
first order of the long spacing of the svnthetie hydrocarbon was found 
to coincide (within 0.5 A.) with the single order of the long spacing of the 
hvdrocarbon from phthiocerol and the side spacings were identical. The 
x-ray results thus suggest that the parent hydrocarbon of phthiocerol is 
a normal chain hydrocarbon, probably n-tetratriacontane. These results 
are in agreement with the conclusions arrived at during the monolayer 
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study (1) and, if correct, decide between the two alternative formulas 
for phthiocerol itself put forward by Stodola and Anderson (2), 2.e. 
C35He9( OH )2OCH3 or C34He7(OH)20CHs, in favor of the latter. 


I am indebted to Mr. W. Isirsten for taking the x-ray photographs and 
to the Rockefeller Foundation and the Swedish National Association 
against Tuberculosis for financial help. 
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SOME EFFECTS OF THE INTRAVENOUS INJECTION OF CORN 
GLYCOGEN INTO RABBITS* 


By DANIEL LUZON MORRIS 
(From the Putney School, Putney, Vermont) 


(Received for publication, March 2, 1943) 


Although glycogen has long been recognized as the chief form in which 
carbohydrates are stored in the animal body, it has been chemically a 
comparative rarity. Despite its importance and almost universal oc- 
eurrence, relatively few physiological experiments with the substance 
itself have been recorded, and the simple consideration of price has pre- 
vented any possibility of its clinical use. Recently a polysaccharide has 
been isolated from sweet corn (Zea mays), the properties of which seem to 
agree throughout with those of animal glycogen (1,2). The concentration 
of the material in corn is high, being of the order of one-eighth of the dry 
weight of the grain, and it is rather easily obtainable in a high state of 
purity, possibly more nearly nitrogen-free than animal glycogen can be 
prepared (3). Physiological investigation of this material seemed urgentlv 
indicated, with the practical possibility of clinical use in mind. 

Cilvcogen has certain properties unique among chemical compounds. 
Like starch and cellulose, it has a high molecular weight; recent estimates 
are in the neighborhood of 2 million. But, unlike these polysaccharides, 
it is highlv soluble in water, and shows no tendency to precipitate or ‘‘retro- 
grade”? with time. The molecule is composed of nothing but glucose units, 
linked in the @ configuration, and is readily broken down, at least to half 
its original size (4), by the diastases which are present in nearly every living 
cell. The immediate breakdown products are dextrins, maltose, and glu- 
cose, and the dextrins and maltose may be further degraded to glucose. 

These properties make it desirable to consider the possibility of injecting 
glycogen directly into the blood stream. ‘The molecule is so large that 
diffusion of the unchanged substance through the walls of the blood vessels 
would be slow. There is an active diastase in blood, which will break 
down glycogen more or less rapidly to set free glucose. And finally, gly- 
cogen as a phvsiological constituent of the body is presumably non-toxic. 
In any case it has been claimed to be present in small amounts in normal 
blood (e.g. (5)), though some workers have doubted that the polvsac- 
charide in blood is actually glycogen (6). 

Staub and his coworkers have conducted extensive studies both on 
normal blood glycogen levels and on the effects of intravenously injected 


* Aided by a grant from Mead Johnson and Company. 
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glycogen. Thev have reported that glycogen is quickly destroved by 
blood both in vitro and in vivo. The quantitative results of some of their 
experiments seem open to question, since it appears that their only pre- 
caution against errors due to changes in the composition of blood-glycogen 
mixtures was to allow definite time intervals between the collection of blood 
and its analysis (7). Staub, Mezeyv, and Golandas (8), reporting on blood 
sugar effects from two experiments on rabbits, found a large increase 3 
minutes after glycogen injection, followed by a gradual decline. Blood 
sugar effects in dogs were not studied beyond the first half hour. The 
principal interest of these workers was in the histological effects in the 
blood; they reported a drop in white cell count within 3 minutes to values 
of the order of 1000, with virtual disappearance of granulocytes, followed 
by a rise to normal after a few hours. They believe that the white cells 
adsorb or ingest the injected glycogen, and then stick for a time in the 
capillaries of the lungs. They report no toxic effects whatever in rabbits 
or dogs. Mann (9) has studied the effect of intravenous glycogen in hepa- 
tectomized dogs, and found that its effect on the blood sugar is the same 
as that of glucose. This fits in well with the fact that the blood diastase 
value in dogs is very high indeed, though obviously the hepatectomy may 
have affected this. 

The present work is concerned with blood sugar and blood glycogen 
levels after addition of corn glycogen to blood both tn vitro and in vivo. 


EXPERIMENTAL 


Preparation of Glycogen—-The glycogen was prepared from Golden 
Bantam sweet corn by essentially the same methods described earlier (1). 
It was purified by treatment with hot 40 per cent sodium hydroxide. 

Methods for Determination of Blood Sugar and Blood Glycogen—-In the 
course of the work a number of blood sugar methods have been used. 
That used first was Folin’s micro colorimetric method based on terrievanide 
reduction (10); later, copper reduction methods were used, with the Shaffer- 
Somogyi reagents. For the latter the blood has been deproteinized with 
zine hydroxide (11) or copper sulfate and sodium tungstate (12). In cases 
in which the different methods were compared, little essential difference 
in the results was observed. The Folin method gave values about 13 me. 
per cent higher than those obtained by copper reduction after deproteini- 
zation with zine. Deproteinization with copper and tungstate gave values 
5 to 7 mg. per cent higher than those found when zine was used. 

The most satisfactory method for the determination of blood glycogen 
was the following. 0.5 cc. of blood is added to 2 ec. of 30 per cent potas- 
sium hydroxide solution in a 15 ce. centrifuge tube, and immediately 
mixed. The alkali prevents enzyme action, and it is not necessary to 
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proceed with the next steps at once if not convenient. The tube is covered 
with a glass bulb or marble and placed in boiling water for 20 minutes, 
being shaken once after 5 minutes. After it has been cooled, 0.2 ec. of 10 
per cent potassium sulfate solution is added, followed by 3.2 ec. of aleohol. 
The contents of the tube are mixed with a thin glass rod, cautiously heated 
in boiling water until the aleohol begins to boil, and cooled. The mixture 
is then centrifuged for 5 to 10 minutes. This precipitates the glycogen 
together with some potassium sulfate and protein decomposition products. 
The supernatant solution is poured off, the tube drained, and the precipitate 
dissolved in 1.5 cc. of hot water. The mixture is neutralized with 1 or 2 
drops of 2 N sulfuric acid (a floeculent precipitate appears when the solution 
is neutral) and an equal volume (1.7 cc.) of 2 N sulfurie acid is then added. 
The tube is again covered and heated at 100° for 2.5 to 3 hours in order to 
hvdrolvze the glycogen. The solution is neutralized to phenol red with 
i NX sodium hydroxide, made to 10 or 25 ee., and filtered. Glucose is deter- 
mined in appropriate aliquots. The method is essentially that of Blather- 
wick et al. (13), with a modification based on a suggestion of Genkin (14). 
The Blatherwick method alone tended to give erratic results, sometimes 
very low, whereas the Russian method required an excessive length of 
time in the centrifuge to precipitate all the glycogen. 

Glycogen and Blood in Vitro—Preliminary experiments showed that 
blood-glycogen mixtures change composition rapidly, and experiments were 
accordingly carried out to determine the effect of temperature on these 
changes. 1 volume of 10 per cent glycogen solution was added to 10 vol- 
umes of oxalated blood that had been brought to the selected temperature 
inathermostat. Samples were withdrawn from time to time for the deter- 
mination of sugar and of glycogen. The temperatures used were 0-1° 
(ice water), 25°, and 40°. For the determinations at 40° sufficient sodium 
fluoride was added to the original saline solution to make the concentration 
in the reaction mixture about 0.03 per cent. Controls showed that this 
prevented the destruction of blood sugar. Typical results of these experi- 
ments are given in Table I. It is clear that the destruction of glycogen is 
very rapid at 40°, but is still considerable even at 0°. The sugar increase is 
small compared to the glycogen decrease in all cases, and at 0° is negligible 
over a 30 minute period. 

Blood Sugar after Intravenous Glycogen Injection—A 20 per cent solution 
of glycogen in physiological saline solution was prepared, filtered, and 
sterilized by being heated at 100° for 30 minutes; 15 cc. of this solution 
were injected into the marginal ear vein of a fasting rabbit weighing 5 to 
G kilos (5 ec. in the case of two animals weighing 2 kilos). The injection 
could be completed in about 3 minutes, with the use of a No. 22 needle. 
Time was measured from the end of the injection. At intervals blood 
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from a cut in the marginal vein of the other ear was allowed to fall onto 
dry sodium oxalate in a test-tube immersed in ice water. As quickly as 
possible 0.5 ec. of this blood was transferred to potassium hydroxide 
solution for glycogen determination, and 1 ec. to the reagents for sugar 
determination. When the copper-tungstate reagents were used for de- 
proteinization, the blood was laked in ice-cold water before the addition of 
copper sulfate; in the other cases the mixtures were so dilute or so highly 
acid that this precaution was considered unnecessary. 

Blood samples were usually taken at 20 to 30 minute intervals for the 
first hour or so, and then at 45 to 60 minute intervals. The blood sugar re- 
sults from fourteen experiments with six rabbits are shown in Figs. 1 and 2. 


TaBLeE [ 


Changes in Sugar and Glycogen Content of Blood after Addition of 1 Volume of 10 Per 
Cent Glycogen to 10 Volumes of Blood in Vitro at Temperatures Indicated 


0° 25° 40° 

| Sugar* Glycogen Sugar® Glycogen Sugar*® Glycogen 

min. me. per cent me. Per cc. me. per cent me. per cc. me. per cenit meg. per cc. 
2 | 116 100 8.27 12] 8.10 
117 S.SO 106 7.80 140 
10 115 4.15 159 6.40 
15 123° S2 192 9.03 
20 129 6.66 210 4.75 
25 120 S.45 137 6.53 230 4.24 
30 12] S15 146 6.49 240 3.99 


* Calculated as glucose. 


The broken line shows the fasting level in each case, for convenient Com- 
parison. It will be seen that in all but two cases the blood sugar remained 
above the fasting level for more than 3 hours, and in most cases for 5 or 
more. It appears that in the Ist hour there is a rapid, but not instantane- 
ous, rise Which reaches a rounded maximum at 15 to 40 minutes, followed by 
a rather rapid fall which ends at about the 2nd hour, and a more gradual 
and irregular fall subsequently. The maximum is from 30 to 60 mg. per 
cent above the fasting level. The curves are varied in shape, and no 
constaney Was observed in results from the same animal at different times. 

Not shown here are the results of seven other experiments. Two early 
experiments are omitted because of insufficient data, and poorly developed 
technique. ‘Two others were essentially normal except that the ‘‘fasting”’ 
level was above 130 mg. per cent at the start of the experiment. Three, 
on one rabbit (No. 1), were discarded because the blood picture was no 
longer normal; the fasting sugar was high (120 to 140 mg. per cent) and 
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injected glucose was not eliminated at the normal rate (see a later section 
of this paper). After injection of glycogen in this animal the first rise 
in blood sugar was normal, but after the start of the decline there was a 
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Fic. 1. Blood sugar after glycogen injection. In Figs. 1 and 2 all the rabbits were 
males weighing 5 to 6 kilos except those in Experiments 13 and 14, which were females 
weighing 2 kilos. Blood sugar was determined by Folin’s method in Experiments 1, 
2, 3,4, and 6; by Somogyi’s method in the rest. The ordinate scales represent mg. of 
sugar per 100 cc.; the abscissa scales, time in hours. The base-line is 60 mg. per cent 
in Experiments 4 and 8; 80 mg. per cent in the others. The broken line shows the 
fasting level. 


sudden increase to values of 200 mg. per cent or higher, with a very slow 
decrease. 

Blood Glycogen after Glycogen Injection— Blood glycogen was determined 
in nine experiments. The results, as given in Table II for two typical 
rabbits, were much more consistent than were the blood sugar curves. 
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z 4 6 io 
Fic. 2. Blood sugar after glycogen inje¢tion. See Fig. 1 for the explanation 


TABLE II 


Glycogen Content of Blood after about 3 Gm. of Glycogen Are Injected Intravenously into 
Two 5 to 6 Kilo Rabbits 


Time Glycogen 

min me. per cc meg. per cc. 
10 5.60 4.85 
30 3.60 2.60 
60 1.05 0.57 
90 0.20 0.22 

120 0.13 0.17 


Normal blood glycogen levels were reached after 1.5 to 2 hours. The ex- 
ceptions were the two experiments with 2 kilo rabbits, in which the glycogen 
reached normal levels at the end of 1 hour. 
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Disappearance of Intravenously Injected Glucose—Glucose was injected 
as a 20 per cent solution in saline, in order to compare its action with that 
of glycogen. Usually 2 gm. were used in the large rabbits. Typical blood 
sugar data are given in Table III. The glucose almost invariably dis- 
appeared in about 2 hours, and the sugar level then dropped a trifle below 
the original fasting level. A curve of the type given by these data, and a 
blood diastase level of 250 to 400 on Somogyi’s scale (15), were taken as 
criteria of a normal blood picture. 


TABLE III 


Glucose Content of Blood after Intravenous Injection of 2 Gm. of Glucose in 
Two 5 to6 Kilo Rabbits 


Time Glucose 
ee mg. per cent mg. per cent 
Fasting 104 86 
0.2 264 196 
1 158 137 
2 112 86 
3 89 78 
4 87 
DISCUSSION 


The fact that blood sugar in rabbits remains somewhat above normal 
for a considerable time after all the injected glyeogen has disappeared 
permits of two interpretations. First, it is conceivable that some of the 
breakdown products of the glycogen leave the blood stream and are stored 
somewhere in the organism, possibly as glycogen, which is again mobilized 
later on. However, it seems unlikely that stores of this sort would be 
more effective in maintaining high blood sugar than are the normal stores. 


“A second interpretation gains support from the experiments in vitro. At 


40° about 25 per cent of the glycogen destroyed was converted to sugar, at 
25° the conversion came to only about 10 per cent, and at 0° to about 5 
per cent. It can therefore be inferred that there are two separate reac- 
tions, glycogen destruction and sugar formation, with different tempera- 
ture coefficients. This would make it seem likely that in the living 
animal an alkali-labile dextrin (therefore not determinable with the glyco- 
gen) is formed in the blood and is rather slowly broken down to form sugar 
long after the glycogen itself has disappeared. 

The results of the experiments reported here give encouragement to 
the idea that intravenous glycogen may be clinically useful. Blood diastase 
levels in humans are lower than those in rabbits, and it is therefore likely 
that the glycogen will be more slowly broken down, that the first peak in 
the blood sugar curve will be less pronounced, and that the blood sugar 
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elevation will be more prolonged. It is thus possible that in cases of hvpo- 
glycemia due to shock or other causes it may be practicable to use a large 
injection of glycogen at an emergency station when the more usual slow 
glucose injection would be impracticable owing to lack of time or space. 


SUMMARY 


The injection of corn glycogen intravenously in fasting rabbits results 
in an elevation of the blood sugar for a period of 5 hours or more in most 
cases. The glycogen itself is destroyed within 2 hours. 

It is suggested that a dextrin is formed in the blood as an intermediate 
which is slowly broken down to form sugar. 

The possibility of clinical use of corn glycogen is vetniidioied: 
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THE DETERMINATION OF FLAVONES OR QUERCETIN-LIKE 
SUBSTANCES IN CERTAIN NATURALLY OCCURRING 
PRODUCTS 


By LEROY 8. WEATHERBY anno AMBER L. 8S. CHENG 
(From the University of Southern California, Los Angeles) 


(Received for publication, March 2, 1943) 


The quantitative method developed by Wilson, Weatherby, and Bock 
(5) for the determination of quercetin, or certain quereetin-lhke substances, 
to which the name ‘‘quercetin equivalent”? was given, has made possible 
the determination of these substances in naturally occurring products. 
The importance of such determination arises from the emphasis placed 
on the flavone content by Bentsaéth, Rusznyak, and Szent-Gy6rgyi (1), 
Kugelmass (3), Scarborough (4), and others who claim that compounds 
of this nature are necessary as an adjunct to vitamin C to prevent perme- 
ability or fragility of the capillary walls. The terms citrin, permeability 
factor, and vitamin P have been applied to these compounds. 


Method 


In this method the dried sample is extracted with methyl alcohol, the 
aleohol is evaporated, chlorophyll and other interfering substances ar 
removed by extraction with chloroform, and the residue is taken up in 
100 ml. of acetone. Varying volumes of this extract are made up to defi- 
nite volume with the boric-citric acid reagent, comprising equal volumes 
of a solution of 100 ml. of anhydrous acetone containing 10 gm. of anhy- 
drous citric acid and a solution of 100 ml. of anhydrous acetone saturated 
with boric acid. A vellow color is developed through the action of the 
boric acid on the flavones present, the depth of which is determined by 
means of a photoelectric colorimeter with a blue filter. The absorption 
bv the test solution in the citric acid solution alone is first measured, and 
the difference between this reading and the reading when the boric acid 
is present gives the absorption due to the color formed by the boric acid 
reacting with the flavone. The quercetin equivalent is then ascertained 
by reference to a curve previdusly established with pure quercetin. 

The substances tested were (a) cauliflower, lettuce, spmach, grapefruit 
peel, orange peel, lemon peel; (6) petals of white, yellow, and red roses. 

The vegetables were washed and drained overnight, then cut into small 
fragments. The petals were pulled from the flowers, and dried in the air 
overnight. The citrus peel was thin slices of the outer rind. Portions 
of these prepared products were dried in a vacuum oven at 60° to constant 
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weight, after which they were removed, ground to a fine powder, and placed 
again in the oven for several hours. 


TABLE [ 
Quercetin Determination (Data and Results) 


| Scale readings | Quercetin equivalent 
Boric- Citric- Net From ory _ Fresh 
citric acetone reading graph basis 
Average 
al. pe mez. per me. per mz. per 
um. em. gm. 
Cauliflower, dry, 6.50 gm. 2 12 12 0) 0 0 
Head lettuce, fresh, 189.4 gm.; 1 25 24 1 ? ? 
dry, 8.05 gm, 2 38 37 ? 
6 ? ? ? 
Grapefruit peel, fresh, 28.30 tas oe... 24 22 | 10.8 | 0.16 
gm.; dry, 6.94 gm. 30 | 20.4! 0.15 
%3 | 100 36 64 | 30.2 0.15 
4 | 130 42 88 | 41.0 / 0.15 | 0.15 | 0.036 
Spinach leaf, fresh, 37.66.gm. ; | 68 15 7.4 10.19 
dry, 3.94 gm. 2 | 116 85 31 15.0 | 0.19 
3 | 162 117 
205 147 SS 22.3 O47 1 0.38 | 
Orange peel, fresh, 22.49 gm.; 56 
dry, 6.32 gm.* 60 72 | 33.6! 0.27 
3 175 65 10: 61:0 6.27 
ce he eee ts 4 214 69 | 145 | 67.5 | 0.27 | 0.27 | 0.076 
Lemon peel, fresh, 8.93 gm.; 0.1) 48 16 32 | 15.2/ 6.5 
dry, 2.35 gm. | 0.2) 87 23 64 | 30.0/ 6.4 
0.3] 124 30 64 | 43.51 6.2 
0.4! 161 37 124 Win: 6.2. 63 1.66 
White rose petals (Caledonia), 18.4 3.0 
fresh, 58.29 gm.;. dry, 0.2} 83 IO | {34.01 2.8 
6.18 gm. OS 16.0 | 2.5 
0.4/144 | 13 | 131 | 60.0) 2.4 | 2.7 | 0.29 
Yellow rose petals (Mme. P. 0.1; 40 8 7 22 
S.duPont),fresh,42.73¢gm.; 0.2) 77 12 65 {31.0} 2.8 
dry, 5.61 gm. 0.3) 122 24 98 | 45.8 | 2.7 
0.4, 158 29 128 59.5 | 2.6 | 2.8 | 0.36 
Red rose petals (Victoria Har- 0.1) 68 12 5 26.3 | 4.3 
rington), fresh, 33.61 gm.; 0.2) 134 17 117 «|| 54.5 | 4.5 
dry, 6.01 gm. 60.3; 188 | 20 | 168 | 78.4) 4.4 
0.4 243 20 | 223 106.5 4.3 | 4.4 | 0.99 


* The variation of the quercetin equivalent of orange peel with maturity 1s 


under investigation. 


Suitable sized samples of these powdered products were then extracted 
and the quercetin equivalent determined with results as shown in Table I. 
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DISCUSSION 

The colorless vegetable, as might be expected, showed no flavone. The 
green of the lettuce leaves is probably due to chlorophyll. The relatively 
high value given by the red rose substantiates the statement by Karrer 
(2) that red roses are a source of quercetin. The highly pigmented yellow 
lemon peel gave by far the highest quercetin equivalent. It is to be noted 
that lemon peel is stated to be a prime source of citrin, or the permeability 
factor or vitamin P of Szent-Gvorgy1. 


SUMMARY 


The flavone content of certain substances of plant origin was determined 
according to the method of Wilson, Weatherby, and Bock for the deter- 
mination of quereetin-like substances with results as shown in the final 
column of ‘Table I. Lemon peel, as in the previous investigation (5), 
ranked highest among the substances tested. 
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AMPEROMETRIC TITRATION OF PICROLONIC ACID AND 
INDIRECT VOLUMETRIC DETERMINATION OF CALCIUM 
BY PRECIPITATION AS PICROLONATE AND BACK TITRA- 
TION OF THE EXCESS OF PICROLONIC ACID WITH METH- 
YLENE BLUE 


By GUNTHER COHN anp I. M. KOLTHOFF 


(From the School of Chemistry, University of Minnesota, Minneapolis) 
(Received for publication, March 25, 1943) 


Bolliger has made analytical studies of the reactions between methylene 
blue and piecrie acid (1), picrolonic acid (2), and several other aromatic 
nitrophenols (3). The two acids and some dinitrohydroxy compounds 
could be determined quantitatively by titration with methylene blue. 
For analytical purposes only picric acid and picrolonic acid were considered 
practicable (4). We were able to confirm the latter statement.! Bolliger 
titrated picric or picrolonic acid with methylene blue with removal of the 
precipitated methylene blue picrate (or picrolonate) from the aqueous 
solution by extraction with chloroform, in which these salts are readily 
soluble. The titration was carried out in a phosphate buffer or in the 
presence of some calcium carbonate. The end-point is reached when the 
chloroform fails to remove the blue-green color formed in the aqueous 
solution upon addition of methylene blue. Since methylene blue picrate 
and picrolonate are markedly soluble in water, the chloroform must be 
replaced frequently in a titration, and near the end-point it must be 
removed several times after each small addition of titration liquid until 
it remains practically colorless upon being shaken with the aqueous phase. 

Later Castiglioni (5) found that the basie dves safranine, chrysoidine, 
and auramine formed precipitates with pierie acid and could be determined 
in a corresponding manner. 

Bolliger applied his titration method to the indirect determination of 
several constituents. Potassium (1, 6) was determined bv precipitation 
as the perchlorate; the precipitated perchlorate was converted into methyl- 
ene blue perchlorate and the excess of methylene blue was titrated back. 
Calcium (7), magnesium (8), and organic bases (2) were precipitated as 


1 We investigated the behavior of various nitro compounds with methylene blue. 
A precipitate was formed when methylene blue was added to the following sub- 
stances, 4,6-dinitrotoluene-2-sodium sulfonate, 1-nitronaphthalene-3,7-disulfonic 
acid, 2,6-dinitrohydroquinone-4-monoacetate. These precipitates were soluble in 
chloroform, but the solubility of the salts in water was too great to allow quantitative 
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picrolonates and the excess of the precipitating agent used was titrated 
back after removal of the precipitates. 

In view of the significance of picrolonic acid as a precipitating agent for 
calcium, thorium, lead, and for organic bases we have investigated the 
possibility of titrating picrolonic acid with methylene blue amperometri- 
cally. In amperometric titrations the reaction product need not be 
removed, and the large consumption of chloroform which is required in 
the titration according to Bolliger is avoided. We also investigated the 
indirect determination of calcium by Bolliger’s method and found it to 
give good results provided a possible source of error is eliminated. 

Reagents— 

A 0.01 m stock solution of picrolonic acid was prepared as described in a 
previous paper (9). 

0.01 ma and 0.001 M solutions of methylene blue chloride were prepared by 
making up 3.74 and 0.374 gm. respectively, of Coleman and_ Bell’s 
“methvlene blue chloride for bacilli’? (CygHigsN35C1-3H2O) in water to 
1 liter. 

Polarography of Methylene Blue—TVhe polarography of picrolonic acid 
and the characteristics of the capillary used have already been described 
(9). In the present paper the polarographic behavior of methylene blue 
is reported only in connection with its use as a reagent in the amperometric 
titration of picrolonic acid. In Fig. 1 polarograms are shown of methvlene 
blue chloride in a buffer which was about 0.1 M in acetie acid, 0.0125 u 
in lithium acetate, and 0.1 M in lithium chloride at 20°.) Curve FE which 
refers to a 0.00091 mM solution of the dye shows that methylene blue gives 
one wave with a well defined diffusion current at an applied voltage (/,) 
of 0.3 volt (Beanoae 0.2 volt versus the saturated calomel electrode), the 
half wave potential at this particular pH being —0.07 volt (versus the 
saturated calomel electrode). Apparently the reduction of methvlene 
blue involves 2 electrons vielding leucomethylene blue (10). This was 
also shown by the fact that the diffusion current of methylene blue was of 
the same order of magnitude as the diffusion current of an equimolar 
cadmium solution under the same conditions. From Curve E it is evident 
that methvlene blue is easily determined with the dropping mercury 


electrode. 


Curve A in Fig. 1 represents the residual current of the butfer medium. 
The discharge of hydrogen ions began at an applied E.m.r. (/7,) of about 1.5 
volts. When5 X 10-* ut methvlene blue was present in the buffer solution, 
this discharge started at FL, 1.34 volts, and its beginning was shifted to 
more positive values with increasing methylene blue concentrations. In 
the 0.00091 mM methylene blue solution the hydrogen discharge began at 
about FE, 1.05 volts. Evidently methylene blue diminishes the over- 
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voltage of hydrogen on mercury considerably. This should be taken into 
consideration in the use of methylene blue as maximum suppressor. 
Amperometric Titrations—The amperometric titrations of picrolonic 
acid with methylene blue were carried out by adding the 0.01 Mm methylene 
blue solution from a micro burette to solutions of picrolonie acid in a buffer 
solution which was 0.1 M in acetic acid, 0.0125 m in lithium acetate, and 
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hic. 1. Polarograms of methylene blue. Curve A, 0.1 M acetic acid, 0.0125 m 
Lite, 01M LiCl (residual current}; Curve B, same + 5 * 107° mM methylene blue 
chloride; Curve C, same + 1.5 * 10°75 uM methylene blue chloride; Curve D, same + 
4.5 methvlene blue chloride; Curve E, 0.91 10-* m methylene blue chloride, 
0.091 sv acetic acid, 0.0114 Mm LiAe, 0.091 Mm LiCl. ‘The values are not corrected for 
Cathode potential versus saturated calomel electrode, 0.1 volt 


residual current. 
smaller than the applied potential. 


O.1]M in lithium chloride. The voltage applied between the dropping 
mercury electrode and the mercury pool anode was 0.3. This voltage is 
smaller than that at which the first wave of picrolonic acid starts (9), 
but is large enough to vield the diffusion current of methylene blue. 
Nitrogen was passed through the solution in order to remove oxygen and 
stir the mixtures. The stirring is essential because methylene blue, re- 
spectively, methylene blue picrolonate, eauses considerable foam which 
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might prevent proper mixing of methylene blue freshly added during the 
titration. The temperature during the titrations was 20°. Table I gives 
the results of the amperometric titrations. Before the end-point the 
current remains equal to the residual current and is practically constant. 
After the end-point is reached, the current, which is equal to the diffusion 


Amperometric Titrations of Picrolonic Acid with Methylene Blue 


Molarity of 10 ml. 


Molarity of methylene blue 
picrolonic acid used 


Methylene blue used solution found 


| mi. 
0.002 1.90 0.01052 
0.002 1.91 | 0.01047 
0.001 0.95 0.01052 
0.002 1.89 0 .0105s 
0.001 0.95 0.01052 
sre 
a 
= 
3+-= 


0 ; ADDED 
2 3 


Fic. 2. Titration of 10 ml. of 0.001 m picrolonic acid in 0.1 M LiCl, 0.1 M acetic acid, 
and 0.0125 m LiAc with 0.0105 m methylene blue chlomde. F4,0.3 volt. Correction 
was applied for dilution. 


current of methylene blue, increases linearly with the excess of dve added. 
As a demonstration, the data obtained in the titration of 10 ml. of 0.001 
picrolonic acid with 0.0105 m methylene blue are given in Fig. 2. The 
values of the current have been corrected for the dilution effect. 

From Table I it is evident that the titration gives satisfactory results. 
The methylene blue solution which was prepared, assuming the dye to 
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contain 3 molecules of water, was somewhat more concentrated than 
ealculated; namely, 0.0105 M. 

Procedure for Amperometric Titration of Picrolonic Acid—Vo 10 ml. of 
0.001 to 0.005 mM picrolonie acid solution in the titration cell is added 1 ml. 
of buffer solution which is 1 Mm in acetic acid, 0.125 M in lithium acetate, 
and 1 Mm in lithium chloride. Mercury is added to the cell to serve as 
anode. Oxvgen is removed by passing hydrogen or nitrogen through the 
solution. The picrolonic acid is titrated amperometrically at room tem- 
perature at an applied E.M.F. of 0.3 volt with 0.01 M methylene blue chloride 
solution, which is added from a micro burette. After each addition of 
methylene blue, hydrogen or nitrogen is passed through the liquid for 1 
minute in order to stir the mixture and to remove oxygen. ‘The end-point 


TABLE II 


Extraction Titrations of Picrolonic Acid with Methylene Blue 


Molarity of methylene blue 


Amount of picrolonic acid used | Methylene blue used schtitheis tinea’ 

2 ml. 0.005 9.38 | 0.001069 

9.36 0.001071 

0.002 9.38 | 0.001069 

9.34 | 0.001073 

5 ** 0.002274 m 10.6 | 0.001072 

10 “* “* 10.7 0.001062 


The error of a single determination was about 0.5 per cent. 


is found graphieally, a correction for dilution (11) being applied. The 
methylene blue solution is standardized in the same way with picrolonic 
acid of known strength. The strength of the picrolomie acid solution is 
determined by titration with standard sodium hydroxide, phenolphthalein 
being used as indicator (9), 

The precision of the titration is at least as good as in Bolliger’s procedure. 
This is shown by the titrations recorded in Table I] which were carried out 
according to Bolliger with the 0.001 mM standard solution of methylene blue. 
This solution was found to be 0.00107 Mm. This concentration is relatively 
2 per cent greater than that of the 0.01 mM standard solution. We did not 
attempt to find the cause of the difference in results between the two 
solutions. In the titrations given in Table II chloroform was used as the 
extracting agent. We found that the consumption of solvent is somewhat 
reduced when cthvlene dichloride is used instead of chloroform. The 
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former removes the reaction product more completely from the aqueous 
solution and, therefore, does not need to be replaced so frequently. 

Procedure for Titration of Picrolonic Acid with Methylene Blue—The 
procedure which we recommend is essentially the same as that of Bolliger, 
To 20 to 30 ml. of chloroform (or ethylene dichloride) in a separatory funnel 
2 to 10 ml. of 0.001 to 0.005 mM picrolonic acid are added and 2 ml. of an 
acetate or phosphate buffer of between pH 4 and 8. The picrolonie seid 
is titrated with 0.001 mM methylene blue chloride. After the concentration 
of picrolonic acid has been determined roughly by a preliminary titration, 
an amount ot methvlene blue is added which is about 1 to 2 ml. smaller 
than the total amount required. The methylene blue picrolonate is 
extracted with 20 ml. portions of chloroform until the freshly added 
chloroform remains colorless. The titration is finished by udding each 
time about 0.15 ml. of methylene blue solution and extracting the 
blue-green product from the aqueous solution with 20 mil. portions of 
chloroform (two are usually sufficient). The end-point is reached when 
the chloroform fails to remove the blue color from the aqueous solution, 
The methylene blue solution is standardized in the same way with a picro- 
lonic acid solution of known strength. When ethylene dichloride is used 
as the solvent, less is needed than of chloroform for the quantitative 
removal of the reaction product. 

Determination of Calcium by Precipitation with Excess of Picrolonic Acid 
and Back Titration of Reagent—-Attempts were made to determine calcium 
by precipitation with an excess of picrolonic acid and by titrating back the 
residual picrolonic acid in the filtrate with methylene blue. The precipita- 
tions were carried out according to the procedure described ins previous 
paper (9) and not according to that of Bolhger (7). The excess of picro- 
lonic acid in aliquot parts of the filtrate was titrated back both ampero- 
metrically and by the chloroform procedure.  Persistently high ealcium 
values were found by either method. While the relative error varied 
considerably with the calcium concentrations, it was found that the error 
expressed in the excess of picrolonic acid removed was rather constant 
and equal to 4 to 6 micromoles. 

Systematic investigation showed that this error was due to adsorption 
of picrolonic acid on filter paper. In Fig. 3 are shown results of adsorption 
measurements with Whatman filter paper No. 40 (White Band), whieh had 
been dried to constant weight at 115°. The adsorption was measured by 
determining the decrease of the diffusion current after the filter paper was 
added to a given volume of picrolonic acid in the polarographic cell. In 
order to establish equilibrium the solutions were stirred by passing hyvdro- 
gen through. From the shape of the curve in Fig. 3 it can be interred that 
the surface of the cellulose is not vet saturated when in equilibrium with a 
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The adsorption is 


reversible, and the pierolonie acid can be removed from the paper upon 
repeated washing with water. 


Fic. 3. Adsorption of picrolonie acid on filter paper at 20° 
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TABLE III 


Determination of Calcium by Precipitation with Excess of Picrolonic Acid (See (9)) 
and Titration of 10 Ml.of Supernatant Liquid with 1.07 « 107% mw Methylene 


Blue Chloride 


Buffer used in precipitation, 3 ml. of 1 mM acetic acid, 0.125 m LiAc, and 1 m LiCl. 


Correction for solubility of caleium picrolonate was applied if ne 


Z. Amount of calcium 
= taken 

] 25m). 0.001004 mM 
2 25 0.001004‘ 
313123 
§ 25 006251 
6 10% 0.01004 


picrolonic acid added 


Amount of 0.01154 
Methylene blue used 


3 


301.19 
251.18 =< 


we" 


] 
85 
9 2 


Amount of picrolonic acid left in solution 


42.8 micromoles 


Calcium 
picrolonate 
pptd. as 
micromoles 
picrolonic 


50. 
50. 


125. 
125. 
125. 
200. 


Found 


bo to 


cessary (9). 


Error 


CO or 


> 

~j] =] bo 
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When filtered through sintered glass crucibles, no adsorption of picrolonie 


acid occurs and calcium can be determined indirectly. 


In Table III results 


of calcium determinations are given in which the excess of picrolonic acid 
was titrated with methylene blue by the chloroform method. 


that satisfactory results are obtained. 


It is seen 
Concerning the mode of precipita- 
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tion and interference by other constituents, reference is made to a previous 
publication (9). After complete precipitation the cooled mixture is filtered 
through a Jena G4 sintered glass crucible, the filtrate brought to room 
temperature, and an aliquot part used for the titration. 

From the practical view-point the direct polarographic method (9) 
is more advantageous, since no filtration is required. The simple determi- 
nation of the diffusion current of the residual picrolonic acid is more 
suitable in routine analysis. 


Acknowledgment is made to the Carnegie Corporation of New York 
fora grant which enabled the authors to carry out the present investigation. 


SUMMARY 


1. A method is described for the determination of picrolonic acid by 
amperometric titration with methylene blue chloride. 

2. Application of this titration is made to the indirect determination of 
calcium. The method of Bolliger has been investigated critically. Under 
the proper conditions it vields good results. 

3. Methylene blue diminishes considerably the overvoltage of the 
hydrogen discharge at the dropping mercury electrode. 

4. Picrolonic acid is considerably adsorbed from aqueous solutions by 
filter paper. 
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LETTERS TO THE EDITORS 


THE EFFECT OF SULFANILAMIDE ON THE CONVERSION IN 
VITRO OF INORGANIC TODINE TO THYROXINE AND 
DITODOTYROSINE BY THYROID SLICES 


Ss irs 


The in vitro conversion of 1odide to ditodotvrosine and thvroxine by 
surviving slices of thyroid gland excised from sheep, dog, and rat has been 
demonstrated in this laboratory! with the aid of radioactive iodine, [*, 
Recent reports have shown that the administration of certain sulfonamides 
produces enlargement and hyperemia of the thyroid gland in the rat. 
It has been suggested that these compounds act on the synthesis of thyrox- 
ine. The in vitro reaction deseribed above has been emploved to  in- 
vestigate the effects of sulfantlamide on the formation of thyroxine and 
diodotyrosine. 

Per cent Ringer’s 1! recovered as 


Sulfanilamide 


“xperiment No. 
I periment concentration 


-Diiodotyrosine Thyroxine 
| 
l | () | 34.5 | 10.4 
2 () 12.2 | 
3 2.0 1.4 
| lon? 1.6 1.5 
1074 2.4 
f} 1073 | 11.2 | 2.4 


Tissue slices were prepared from cow thvroids. An amount of sulfanila- 
mide necessary to give the desired final concentration was dissolved in an 
isotonic sodium chloride solution and O.1 ce. of this solution added to 3 
ce. of a biearbonate-Ringer’s solution containing a tracer amount of radio- 
iodine. 300 me. of the slices were then added to the flask and the 
atmosphere above the solution displaced with a 5 per cent CO:-95 per 
cent O. mixture; the flasks were then maintained at 38° for 2 hours. The 


1 Morton, M. and Chaikoff, I. L., 7. Biol. Chem., 147, 1 (1943). 

2 Mackenzie, ©. G., and Mackenzie, J. B., Hndocrinology, 32, 185 (1943). 
Astwood, B., Sullivan, J., Bissell, A., and Tyslowitz, R., 32, 210 
(1943). 
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newly formed 10odo compounds (radioactive thvroxine-like and radioactive 
diodotyrosine-like fractions) were then separated and measured after 
the manner previously described.! 

The results recorded in the accompanying table show that sulfanilamide 
has an inhibitory effect on the conversion of inorganic iodine to both 
diodotyvrosine and thyroxine. The degree of inhibition was found to be 
related to the concentration of sulfanilamide. No experiments have as 
vet been carried out to determine whether sulfonamides alone bring about 
this inubition, or whether it may be induced by other, non-specific, 
toxic agents. 

Division of Physiology A. L. FRANKLIN 


University of California Medical School [. L. CHAIKOFF 
Berkeley 


Kieceived for publication, April 26, 1943 
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TREATMENT OF LEUCOPENIA AND GRANULOPENIA IN RATS 
RECEIVING SULFAGUANIDINE IN PURIFIED DIETS 


Ss 2 r Ss 


The leucopenia and agranulocytosis which develop in rats receiving 
sulfaguanidine in purified diets can be prevented or cured with whole liver 
or certain liver extracts.) Synthetic xanthopterin has also been reported 
as curative tor this leucopenia.’ 3 

In the present experiment weanling, albino rats from the Sprague- 
Dawley colony were given a basal ration of the following composition: 
sucrose 75, Labeo casein 18, salts 4, corn oil 2, and sulfaguanidine 1. 10 
mg. of 2-methyl-1,4-naphthoquinone were added to 1 kilo of the basal 


| Biotin Norit Whole | Con- 


Therapy * None “Vita- Biotint Biotin | Biotin 
min’? (1 +>) (5 y) 1+) (ly) | eluate liver | trol€ 
MiX- — +xan- + p- + norit! (folic | sub- | 
turet thop- amino- eluate acid) | stance 
tering benzoic (folic | (0.5 | 
(20y7) | acid | acid) gm.) 
(3 mg.) | 
No. of rats §8 i; 15 5 Sa 6 13 8 19 
Leucocytes** 5150 3700 2320-2210» 3040 15,500 13,700 15,600 18, 200 
Granulocytes**. 245 #125 +410: 38 255 7,550 5,000) 5,920 2,500 


* All substances were administered subcutaneously except the whole liver, which 
was fed in supplement dishes. The values in parentheses indicate the daily dosage. 

+ Daily dosages of 1 mg. each of nicotinic acid, adenine, and synthetic batyl 
aleohol, 2 mg. each of glutamine, pimelic acid, uracil, guanine, xanthine, and yeast 
adenylic acid, 3 mg. of muscle adenosine triphosphate, and 5 mg. each of inositol and 
yeast nucleic acid. 

t Biotin was supplied as the S. M. A. concentrate No. 1000. 

§ Xanthopterin was synthesized according to the method of Purrmann (Purrmann, 
R., Ann. Chem., 546, 98 (1940) ). 

| Prepared according to the directions of Hutchings et al. (Hutchings, B. L., 
Bohonos, N., and Peterson, W. H., /. Biol. Chem., 141, 521 (1941)). 10 mg. of this 
concentrate equivalent to 7100 units were administered daily. 

© Combined average of the following dietary groups: Basal minus sulfaguanidine, 
same plus 10 per cent whole liver, basal plus 10 per cent whole liver, and Purina chow. 
Values for the different groups did not vary significantly. 

** Average values expressed as the number of cells per ¢.mm. of blood. 


ration. The B vitamins were ted daily in supplement dishes at the follow- 
ing levels: thiamine 30 y, pyridoxine 30 y, riboflavin 30 y, calcium panto- 


1 Spicer, S.8., Daft, F.S., Sebrell, W. H., and Ashburn, L. L., Pub. Health Rep., 
U.S. P. H. S., $7, 1559 (1942). 
2 Totter, J. R., and Day, P. L., J. Biol. Chem., 147, 257 (1943). 
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thenate 100 y, and choline chloride 10 mg. 2 drops of haliver oil containing 
1.3 mg. of dl-a-tocopherol acetate were given weekly to each rat. All 
rats were maintained on the basal ration and subjected to biweekly blood 
studies during a 9 week period. Test substances were then administered 
daily for 7 days. The results are given in the accompanying table. 

In many cases, increases in the number of circulating leucocytes were 
observed within 48 hours after the administration of either the norit 
eluate or whole liver. Norit eluate and liver therapies have been con- 
tinued for 23 days with no further change in the white blood cell picture, 
except that the number of granulocytes tended to approach the normal 
value. With the continued administration of p-aminobenzoic acid there 
was a moderate but vanable increase in the number of circulating leucocytes, 

Anemia was observed in a large proportion of the rats receiving only the 
basal ration. Administration of either the norit eluate or whole liver 
resulted in a definite hemoglobin response. 

Available evidence strongly favors the view that sulfaguanidine fune- 
tions through its ability to inhibit the svnthesis of essential factors by the 
intestinal bacteria. If such is the case, it is apparent that the norit eluate 
fraction contains one or more factors essential for the normal functioning 
of hematopoietic tissue in the rat. 


We are indebted to Merck and Company, Inc., for the B vitamins, to 
the Lederle Laboratories, Inc., for sulfaguanidine, to The Wilson Labora- 
tories for solubilized liver, and to Dr. Harry N. Holmes of Oberlin College 
for the svnthetic batvl aleohol. 


Institute of Pathology A. ki. AXELROD 
The Western Pennsylvania Hospital PaunL GRoss 
Pittshurgh M.D. Bosse 


F. 


Received for publication, May 12, 1943 
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IMPROVEMENTS IN THE CUP ASSAY FOR PENICILLIN 
Sirs: 


(Continued use of the cup assay for penicillin as deseribed by the Oxtord 
investigators! has revealed from time to time deficiencies which detract 
from its over-all advantages.“ Despite attempts to stabilize the test 
bacterium Staphylococcus aureus H, marked biological variations in its 
behavior and a spontaneous tendency toward lysis during penicillin in- 
hibition have lessened its suitability for the assay. Frequently the zone 
edges are fuzzy (lysis?) and difficult to measure with the desired accuracy. 

The following procedure has given excellent results consistently. A 
sensitive strain of Bacillus subtilis is used as the test organism and for 
inoculum is cultivated submerged in 100 ml. of nutrient broth on a shaking 
machine until maximum sporulation takes place (7 to 14 days). The 
culture is then pasteurized to destroy the vegetative cells and titrated 
under the conditions of the assay to determine the optimum amount of 
inoculum (usually O.1 to 0.4 ml. per 200 ml. of agar). That amount is 
used thereatter as long as that culture lasts. The spore cultures are stored 
in the refrigerator and may be used indefinitely; practically complete 
standardization of the inoculum is thereby achieved and its daily prepara- 
tion eliminated. The melted agar is seeded before it is apportioned into ~ 
plates. With spores it is not necessary to cool the melted agar to 42° be- 
fore seeding. ‘This eliminates a troublesome operation and also difficulties 
in the preparation of unttorm plates due to premature hardening of the 
agar. The remaining steps are as deseribed previously,!:? exeept that 
incubation is at 30°, which, incidentally, reduces temperature instability 
of penicillin. The lag in growth due to spore germination permits better 
diffusion of the penicillin before growth limits the zone. Larger zones 
reduce the percentage deviation due to errors in measuring their diameters. 
The zone edges with Bacillus subtilis invariably are knife-sharp, and the 
growth stands in clear contrast to the zone of inhibition. 


Research Laboratory JACKSON W. Fosrer 
Merck and Company, Inc. Hl. Boyp Wooprurr 
Rahway, New Jersey 


Received for publication, May 18, 1943 


1 Abraham, E. P., Chain, E., Fletcher, C. M., Gardner, A. D., Heatley, N. G., 
Jennings, M. A., and Florey, H. W., Lancet, 241, 177 (1941). 
2 Foster, J. W., and Woodruff, H. B., J. Bact., in press (1943). 
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factor, Bovarnick, 151 

Atabrine: Blood, determination, Masen, 

529 

Urine, determination, Masen, 529 
B 


Bacteria: Anti-, glucose aerodehydrogen- 
ase from Penicillium notatum, Birk- 


inshaw and Raistrick, 459 
Autotrophic, adenosine-3-triphosphate, 
LePage and Umbreit, 255 


Sucrose phosphorolysis and synthesis, 
Doudoroff, Kaplan, and Hassid, 67 
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Bacterium coli: Serine determination, 
réle, Chargaff and Sprinson, 249 
Bacterium dysenteriae: Growth, aspara- 


gine-glutamate effect, Bovarnick, 
151 

Benzoic acid: p-Amino-, blood, deter- 
mination, Eckert, 197 

—, conjugated, blood, determination, 
Eckert, 197 

—, determination, Kirch and Bergeim, 

| 445 

—, microbiological, Thompson, 


Isbell, and Mitchell, 281 
—, phenylaminobutyric acid acetyla- 


tion in vivo, relation, Fishman and | 


Cohn, 619 
p-Nitro-, blood, determination, Eckert, 
197 


Blood: Acetaldehyde, determination, 
colorimetric, Stoiz, 
p-Aminobenzoie acid, conjugated, de- 


termination, Eckert, 197 
— —, determination, Eckert, 197 
Amylase, glycogen hydrolysis, Morris, 
271 
—, starch hydrolysis, Morris, 271 


Atabrine, determination, Masen, 529 
(‘arbon dioxide, determination, gaso- 
metric, micro, Scholander and Rough- 
ton, 573 


— monoxide, determination, gaso- 
metric, micro, Scholander and Rough- 
ton, 551 

Carp and trout, Field, Elvehjem, and 
Juday, 261 

Dihydroxyacetone, determination, 


Turner, Kress, and Harrison, 581 


Gases, determination, gasometric, mi- | 


cro, Roughton and Scholander, 54] 
Scholander and Roughton, 551 
Edwards, Scholander, and Rough- 


ton, 565 
Scholander and Roughton, 573 


Iodine fractionation, Bruger and Mem- 


ber, 77 | 


p-Nitrobenzoic acid, determination, 
Eckert, 197 
Nitrogen, determination, gasometric, 
micro, Edwards, Scholander, and 
Roughton, 565 


Blood—Continued: 
Oxygen, determination, gasometric, 
micro, Roughton and Scholander, 541 
Sodium pentothal determination, Hell- 
man, Shettles, and Stran, 293 
Tryptophane deficiency, effect, Alba- 
nese, Holt, Kajdi, and Frankston, 
299 
Blood serum: Proteins, fractionation, 
electrophoretic and sodium sulfate 
methods, Taylor and Keys, 379 
Bone: Sodium adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
Falkenheim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 
insoluble, nature, J//odge, Koss, 
Ginn, Falkenheim, Gavett, Fowler, 
Thomas, Bonner, and Dessauer, 321 
Burette: Micrometer, Scholander, Ed- 
wards, and Irving, 495 
Butyric acid: Phenylamino-, acetylation 
in vivo, p-aminobenzoic acid and 
sulfanilamide relation, Fishman and 


Cohn, 619 
C 

Calcium: -Cephalin equilibrium, Drink- 
er and Zinsser, 187 
Determination, picrolonic acid use, 
Cohn and Kolthoff, 711 
Carbohydrate(s): Metabolism, malaria 
parasites, Wendel, 2] 
Muscle, metabolism in vitro, Stadie and 
Zapp, 669 


Carbon: Isotope, glycine metabolism 
study with, Olsen, Hemingway, and 
Nier, 611 

Carbon dioxide: Blood, determination, 
gasometric, micro, NScholander and 
Roughton, 

Carbon monoxide: Blood, determina- 
tion, gasometric, micro, Scholander 
and Roughton, 551 

Carboxylic acid(s): 2-Methvyl-substi- 
tuted, monolayers, Stdllberg-Stenha- 
gen and Stenhagen, 685 

10-Methyl-substituted, monolayers, 
Stdllberg-Stenhagen and Stenhagen, 


685 
Carp: Blood constituents, Field, Elveh- 
jem, and Juday, 261 


| 
| | | 
| | 
| | 
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SUBJECTS 


Cephalin: Caicium-, equilibrium, Drink- 
er and Zinsser, 187 
Chick: Nicotinic acid deficiency, Briggs, 
Luckey, Teply, Elvehjem, and Hart, 


517 

Vitamins, water-soluble, essential, 
Briggs, Luckey, Elvehjem, and Hart, 

163 

Chlorofucine: Diatoms and dinoflag- 


elates, Strain, Manning, and Hard- 

in, 655 
Chlorophyll: ¢. See Chlorofucine 
Choline: Acetyl-, adenosinetriphospha- 

tase svstem, activation, Du Bois and 


Potter, 451 
Lipotropic effeet, Gavin, Patterson, 
and McHenry, 275 


Liver fat. effeet, Jlandler and Bern- 
heim, 649 


Citric acid: Ascorbic acid and, metab- 


olism, Purinton and Schuck, 237 
Collagen: Heat-denatured, acid- and 
base-binding capacity, Theis and 
Jacoby, 105 


Salt-denatured, acid-, base-, and salt- 
binding capacity, Theis and Jacoby, 
603 

Corn: Cilycogen, injection effeet, Worris, 
699 

Cortin: -Like material, urine, life-main- 
taining and gluconeogenic properties, 
Venning, Hofiman, and Browne, 455 


Creatine: Formation, chick, Admaguist, 
Kratzer, and Mecchi, 17 

Cytochrome oxidase: //aas, 48] 

D 

Dehydrogenase: Aecro-, glucose, antibac- 
terial, Penicillium notatum, Birk- 
inshaw and Raistrick, 459 

Dehydroisoandrosterone: Androsterone 
and, chromogenic effect,  Saier, | 
Grauer, and Starkey, 213 


Dental plaque: Acid production of glu- 
225 
Dentin: Sodium adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
Falkenheim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 


cose, relation, Wuntz, 


321 


735 


Diatom(s): Chlorofucine, Strain, Man- 
ning, and Hardin, 655 
Diet: Tissue phospholipids, relation, Ar- 
tom and Fishman, 405, 415, 423 
Dihydroxyacetone: Blood, determina- 
tion, Turner, Kress, and Harrison, 
581 

Diiodotyrosine: Iodine, inorganic, con- 
version in vitro, thyroid, sulfanil- 
amide effect, Franklin and Chaikoff, 

719 

Dinoflagellate(s): (‘hlorofucine, Strain, 
Manning, and Hardin, 655 


E 


Enamel: Sodium adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
Falkenheim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 

Enzyme(s): Hexose phosphorylation, 

~adenyl pyrophosphate réle, Colowick 
and Kalckar, 117 
also Adenosinetriphosphatase, 

Aerodehydrogenase, Amylase, Hex- 

osediphosphatase, Myokinase, Ovxi- 

dase, Phosphorylase 


S 


F 


Fat(s): Liver, bromo-substituted fatty 
acids, effect, Arlom and Swanson, 


633 
—, choline effect, //landler and Bern- 
heim, 649 


Fatty acid(s): Body, replacement rate, 
Stetten and Grail, 509 
Bromo-substituted, liver fat, effect, 
Artom and Swanson, 633 
Liver, replacement rate, Stetten and 


Grail, 509 
Ferric compound(s): Colloidal, mag- 


netic properties, Michaelis, Coryell, 
and Granick, 463 
Ferritin: Wichaelis, Coryell. and Gran- 
ick, 463 
Magnetic properties, Michaelis, Cory- 


ell, and Granick, 463 
Flavone(s): Determination, Weatherby 
and Cheng, 707 
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Food: Pyridoxine determination, Bina, 
Thomas, and Brown, 111 
G 


Gas(es): Blood, determination, gaso- 
metric, micro, Roughton and Scho- 


lander, 541 
Scholander and Roughton, 551 
Edwards, Scholander, and Roughton, 
565 

Scholander and Roughton, 573 
Germine: Chemical constitution, 
and Jacobs, 57 
Degradation, Craig and Jacobs, 57 
Glucose: Acids from, dental plaque 
relation, Muntz, 225 
Aerodehydrogenase , antibacterial, 
Penicillium notatum, Birkinshaw 
and Raistrick, 459 
Mutarotation, pressure effect, Sander, 


311 

Glucuronide: Steroid, urine, Strickler, 
Shaffer, Wilson, and Strickler, 25) 
Glutamate: Asparagine-, Bacterium dys- 
enteriae and microorganisms, growth 


factor, Bovarnick, 151 
Glycine: Metabolism, Olsen, /Heming- 
way, and Nier, : 611 

—, earbon isotope in study, Olsen, 
Hemingway, and Nier, 611 
Glycogen: Aphis brassicae, isolation and 
properties, Loring and Pierce, 35 
Corn, injection effect, Worris, 699 
Hydrolysis, blood amylase, Morris, 
27) 

Macrosiphum pisi, isolation and prop- 
erties, Loring and Pierce, 35 
Glycolysis: Spermatozoa, Lardy and 


Phillips, 343 
Gonadotropin: Chorionic, preparation, 
Katzman, Godfrid, Cain, and Doisy, 

501 

Granulopenia: Sulfaguanidine effect, Az- 
elrod, Gross, Bosse, and Swingle, 

721 

Growth: Bacterium dysenteriae and mi- 
croorganisms, asparagine -glutamate 
effect, Bovarnick, 151 


H 


Hemoglobin: Absorption spectrum, Ho- 
recker, 173 
Derivatives, absorption spectrum, Ho- 
recker, 173 
Solutions, turbid, determination, Cohn, 
219 

Tissue extracts, determination, Cohn, 
219 

Hemorrhage: Shock, tissue metabolism, 
effect, Beecher and Craig, 383 
Heparin: Barium salt, active, prepara- 
tion and fractionation, Auizenga and 
Spaulding, 641 
Hexose(s): Phosphorylation, enzyme, 
adenyl pyrophosphate réle, Colowick 


and Kalckar, 117 
Hexosediphosphatase: Gomori, 139 


Hydrocarbon(s): Branched chain, mono- 
lavers, Stdllberg-Slenhagen and Sten- 


hagen, 685 
Phthiocerol, x-ray study, Slenhagen, 
605 

Hydroxyapatite: Sodium adsorption, 


radioactive isotope in study, Hodge, 
Koss, Ginn, Falkenheim, Gavett, 
Fowler, Thomas, Bonner, and Des- 
sauer, 321 


I 


Inositol: Lipotropic effect, Gavin, Patter- 
son, and McHenry, 275 
Insulin: Pyruvie acid formation, effect, 
pancreateectomy and, Bueding, Faze- 


kas, Herrlich, and Himwich, 97 
Iodide(s): Urine, determination, Pearl, 
85 
Iodine: Blood, fractionation, Bruger and 
Member, 77 
Isorubijervine: Jacobs and Craig, 4] 
J 
Jervine: Chemical constitution, Jacobs 
and Craig, 51 
Isorubi-, Jacobs and Craig, 4] 
Rubi-, Jacobs and Craig, 41 
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SUBJECTS 


L 


Lactic acid: Muscle, metabolism in vitro, 


Stadie and Zapp, 669 
Lactogenic hormone: Pituitary, Li, 289 
—-, sulfur amino acid, Li, 289 


Leucopenia: Sulfaguanidine effect, A rel- 
rod, Gross, Bosse,and Swingle, 721 

Light: Amino groups, determination, 
Van Slvke, effect, Fraenkel-Conrat, 

453 

Pyridoxine, effeet, Hochberg, Melnick, 
Siegel, and Oser, 253 
Lipid(s): Liver, Artom and Fishman, 

405 

Muscle, Artom and Fishman, 405 

Phospho-. See Phospholipids 


Lipocaic: Lipotropic effect, Gavin, Pat- 


terson, and McHenry, 275 
Liver: Fat, bromo-substituted fatty 


acids, effect, Artom and Swanson, 


633 

—, choline effect, Hlandler and Bern- 
heim, 649 
Fatty acids, replacement rate, Sletten 
and Grail, 509 
Lipids, Arlom and Fishman, 405 


M 


Macrosiphum pisi: See Aphid 
Magnesium phosphate: Secondary, ioni- 
zation constant, Tabor and Hastings, 


627 | 


Malaria: See also Plasmodium knowlesi 


Metabolism: Tissue, hemorrhage shock, | 


effect, Beecher and Craig, 383 
Micrometer burette: Scholander, kd- 
wards, and Irving. | 495 


Microorganism (s): Growth, asparagine- 
glutamate effect, Bovarnick, 151 
Monolayer(s): Hydrocarbons, branched 
chain, Stdllberg-Stenhagen and Sten- 
hagen, 685 
Muscle: Carbohydrate metabolism in 
vitro, Stadie and Zapp, 


Lactic acid metabolism in vitro, Stadie 
and Zapp, 
Lipids, Artom and Fishman, 


669 
405 


669 


737 


Muscle—Continued: 


Phosphorylase, crystalline, polysac- 
ckaride synthesis, relation, Hassid, 
Cori, and McCready, 89 


Myokinase: Adenine nucleotides, action, 
Kalckar, 127 
Transphosphorylations, rdle, Colowick 


and Kalckar, 117 
Kalckar, 127 

N 
Nicotinic acid: Deficiency, chick, 
Briggs, Luckey, Teply, Elvehjem, 
and Hart, 517 


Nitrobenzoic acid: p-, blood, determina- 
tion, Eckert, 197 
Nitrogen: Blood, determination, gaso- 
metric, micro, Edwards, Scholander, 
and Roughton, 565 
Fixation, detection, isotopic nitrogen 
in study, Burris, Eppling, Wahlin, 
and Wilson, 349 
Notatin: Birkinshaw and Raistrick, 459 
See also Penicillin 
Nucleotide(s): Adenine, mvyokinase ac- 
tion, Kalckar, 127 
Nutrition: Amino acids, Rose, Haines, 


Johnson, and Warner, 457 

O 
Oxidase: /-Amino acid, tissue, Green, 
Nocito, and Ratner, 461 
(‘ytochrome, Haas, 481 


Oxygen: Blood, determination, gasomet- 


rie, micro, Roughton and Scholander, 
541 


Pp 
Pancreatectomy: Pyruvic acid  forma- 


tion, insulin and, effect, Bueding, 
Fazekas, Herrlich, and Himwich, 


97 
Pantothenic acid: Perspiration, 
nent and Silber, 359 


Penicillin: B, preparation, purification, 
and mode of action, Van Bruggen, 
Reithel,Cain, Katzman, Doisy, Muir, 
Roberts, Gaby, Homan, and Jones, 


365 
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Penicillin—Continued: 
Determination, Foster and Woodruff, 
723 

See also Notatin 

Penicillium notatum: Antibacterial glu- 
cose aerodehydrogenase from, Bir- 
kinshaw and Raistrick, 459 
Perspiration: Ascorbic acid, thiamine, 
riboflavin, and pantothenic acid, 
Tennent and Silber, 359 
Phenylaminobutyric acid: Acetylation, 
in vivo, p-aminobenzoic acid and sul- 
fanilamide relation, Fishman and 
Cohn, 619 
Phosphatase: Adenosinetri-, system, 


acetylcholine, activation, DuBois 
and Potter, 451 
Hexosedi-, Gomori, 139 


Phospholipid(s): Tissue, dict relation, 
Artom and Fishman, 405, 415, 423 
Phosphorylase: Muscle, ervstalline, 


polysaccharide synthesis — relation, 


Hassid, Cori, and McCready, SY 
Phthiocerol: Hlydrocarbon, x-ray study, 
Stenhagen, 
Picrolonic acid: (alcium determination, 
use in, Cohn and Kolthoff, 711 
Titration, amperometric, Cohn and 
Kolthoff, 71] 
Pituitary: Lactogenic hormone, 289 
— —, sulfur amino acid, Li, ISU 
Plasmodium knowlesi: Carbohydrate 
metabolism, Wendel, 21 


Respiratory metabolism, Wendel, 21 
Pneumococcus: Antigen, 
Goebel, Shedlovsky, 
Adams, 
Polysaccharide: Synthesis, muscle phos- 
phorylase, /lassid, Cori, and 
McCready, 
Protein(s): Blood serum, fractionation, 
electrophoretic and sodium sulfate 


heterophile, 
Lavin, and 


methods, Taylor and Keys, 379 
Soluble, isoelectric point, determina- 
tion, Jaffé, 185 


Tissue, amino acids, Beach, Munks, 
and Robinson, 43] 
Urine, trichloroacetic acid-soluble, 


Beckman, Hiller, Shedlovsky, and 
Archibald, 247 


| 


Pyridoxine: Foods, determination, 
Bina, Thomas, and Brown, 11] 
Light effect, Hochberg, Melnick, Siegel, 
and Oser, 253 
Pyruvic acid: Aceto-, metabolism, Lehn- 
inger, 393 


Formation, insulin and pancreatectomy, 
effect, Bueding, Fazekas, Herrlich, 
and Himwich, Q7 


Q 


Quercetin: -Like substances, determina. 


tion, Weatherby and Cheng, 707 
R 
Respiratory metabolism: Malaria para- 
sites, Wendel, 2] 
Riboflavin: Perspiration, J'ennent and 
Silber, $54 
Rubijervine: /acobs and Craig, 
S 
Serine: Deamination, Baclerium col 
role, Chargaff and Sprinson, 249 
Shock: Hemorrhage, tissue metabolism, 
effeet, Beecher and Craig, 383 


Sodium: Bone, adsorption, radiouctive 
isotope in study, /lodge, Koss, Ginn, 
KFalkenheim, Gavett, Fowler, Thomas, 
Bonner, and Le 321 

Dentin, adsorption, radiowetive isotope 
instudy, flodge, Kuss, Ginn, Falken 

Fowl 


Bonner. and Dessauer. 321 


heim,  Gavett. Thomas. 
adsorption, radioactive iso- 
tope in study, /lodge, Koss, Ginn, 
Falkenheim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 
Hydroxvapatite, adsorption, radioae- 
tive isotope in study, Hodge, Koss, 
Ginn, Falkenheim, Gavett, Fowler, 
Thomas. Bonner. and Lh 
$2] 
Insoluble, bone, nature, /lodge, Koss, 
Grinn, kalkenheim, Gavett, Fowler, 
Thomas, Bonner, and Dessauer, 321 
Sodium dehydroisoandrosterone  sul- 
fate: Urine. determination, JValbot, 


Ryan, and Wolfe, 593 
Water, determination, Ryan 
and Wolfe, 593 


ot 
tis 


SUBJECIS 


Sodium pentothal: Blood, determina- 
tion, Hellman, Shettles, and Stran, 

293 

Spermatozoa: Glycolysis, Lardy and 
Phillips, 343 
Metabolism, Lardy and Phillips, 333 
Starch, Hydrolysis, blood amylase, Mor- 
ris, 271 
Sterol(s): Determination, antimony tri- 
ehloride reagent, Zimmerli, Nield, 


and Russell, 245 
Sucrose: Inversion, pressure — effect, 
Sander, 31] 
Phosphorolysis, bacterial, Doudoroff, 
Kaplan, and Hassid, 67 
Synthesis, bacterial, Doudoroff, 
Kaplan, and Hassid, 67 
Sulfaguanidine: Granulopenia, effect, 
Axelrod, Gross, Bosse, and Swingle, 

721 

Leucopenia, effeet, Axelrod, Gross, 
Bosse, and Swingle, 721 
Sulfanilamide: Phenylaminobutyric 
acid acetylation in vivo, relation, 
Fishman and Cohn, 619 


Thyroxine and diiodotyrosine conver- 
sion from iodine, inorganic, in vitro, 
thyroid, effect, Franklin and Chai- 


koff, 719 
Sulfur: Amino acid, pituitary lactogenie 
hormone, Li, 280 


Sweat: See Perspiration 


T 


Thiamine: Perspiration, Tennent and 
Silber, 359 
Thyroid: Thyroxine and diiodotyrosine 
conversion from iodine, inorganic, 
vitro, sulfanilamide effeet, Franklin 
and Chaikoff, 719 
Thyroxine: lodine, inorganic, conversion 
in vitro, thyroid, sulfanilamide ef- 
fect, Franklin and Chaikoff, 719 
Tissue (s): Metabolism, 
shock, effect, Beecher and Craig, 
383 
Phospholipids, diet relation, Artom and 
Fishman, 405, 415, 423 
Tooth: See also Dental plaque 


hemorrhage 


739 


Transphosphorylation: Myokinase role, 


Colowick and Kalckar, 117 
Kalckar, 127 
Trout: Blood constituents, Field, El- 


vehjem, and Juday, 261 
Tryptophane: Deficiency, blood, effect, 


Albanese, Holt, Kajdi, and Franks- 


ton, 299 
Determination, colorimetric, micro, 
Eckert, 205 
Tyrosine: Diiodo-, iodine, inorganic, 


conversion in vitro, thyroid, sulfanil- 
amide effect, Franklin and Chaikoff, 


719 

U 
Urine: Atabrine, determination, Masen, 
529 
Cortin-like material, Venning, 
| Hoffman, and Browne, 455 
| Glucuronide, steroid, Strickler, Shaffer, 
| Wilson, and Strickler, 251 
Todides, determination, Peart, 85 


Protein, trichloroacetic acid-soluble, 
Beckman, Hiller, Shedlovsky, and 
Archibald, 247 

Sodium dehydroisoandrosterone — sul- 
fate, determination, Talbot, Ryan, 


| and Wolfe, 593 
| Vv 

| Veratrine: Alkaloids, Jacobs and Craig, 
| 41, 51 
| Craig and Jacobs, 57 
| Vitamin(s): A, storage, body, Little, 
| Thomas, and Sherman, 44] 


Bs. See also Pyridoxine 

('. See also Asecorbie acid 

determination, antimony trichlo- 
ride reagent, Zimmerli, Nield, and 
Russell, 245 

determination, antimony trichlo- 
ride reagent, Zimmerli, Nield, and 


| Russell, 245 
Water-soluble, essential, chick, Briggs, 
| Luckey, Elvehjem, and Hart, 163 
| Ww 


Water: Sodium 
sulfate, determination, Talbot, Ryan, 
and Wolfe, 593 


dehydroisoundrosterone 
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